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The ventral thalamus consists of the hypothalamus and the sub- 
thalamus. The nuclear masses of the ventral thalamus form an ancient 
and unique ensemble of structures which, through their close union with 
the basal parts of the forebrain on the one hand and with the tegmental 
region of the midbrain on the other, may be regarded as closely inter- 
related anatomicophysiologic systems. The mechanism of the hypo- 
thalamus is believed to deal with the integration of the internal organic 
environment with the various. experiences of the organism through the 
medium of the forebrain and the supra-optic decussations; that of the 
subthalamus, with the generalized primitive motor reactions through the 
tegmentum and the reticular formation. 

From the region of the forebrain the olfactory impulses are brought 
into the hypothalamus by way of the functionally old preoptic region, 
and from the hypothalamus they are brought into functional relation 
with the dorsal thalamus and tegmental region by means of the pert- 
ventricular fibers. From the lower regions of the brain the mamillary 
peduncle brings impulses, probably of gustatory or visceral nature, into 
the mamillary region, which in turn relays these impulses to the cortex 
by way of the mamillothalamic tract and the connections of the anterior 
thalamic nuclei with the cingular gyrus. The subthalamus, on the other 
hand, forms an internode through which the corpus striatum is brought 
into relation with the tegmental region and the cerebellum. 

Friedemann (1911), in his studies of the thalamus of Cercopithecus, 
used a special system of classification of the hypothalamic nuclei which 
has not been generally adopted. Greving (1928) classified some of the 
hypothalamic nuclei in man on the functional basis introduced by 
Malone (1914). Just how closely the ventral thalamic nuclei of primates 
correspond to the more recent classifications proposed for lower mam- 
mals on a comparative basis introduced by Gurdjian (1927) has not as 
yet been determined. 
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Grunthal (1931) studied these nuclei in Macacus rhesus, using 
mainly numbers to designate the nuclei. He homologized some of the 
most evident cell groups with those found in the mouse and rabbit, 
while others he regarded as special differentiations in these lower forms. 
His conclusions were that the number and complexity of the hypothala- 
mic nuclei are greatly diminished in higher mammals. This is not in 
accord with our observations, which show that all the nuclear masses 
described in the opossum (Warner, 1929; Chu, 1932), armadillo (Papez, 
1932), rat (Gurdjian, 1927; Krieg, 1932), cat (Ingram, Hannett and 
Ranson, 1932) and dog (Rioch, 1929; Morgan, 1930) can be accurately 
identified in Pithecus rhesus. 


MATERIAL AND METHODS 


The material used for this study consisted of three series of transverse 
sections of the thalamus of Pithecus (Macacus) rhesus, extending from the level 
of the anterior commissure into the midbrain. The blocks were fixed in a solution 
of formaldehyde. 

The first series was cut from a paraffin block into sections 20 microns thick; 
every fifth section was mounted and stained with cresyl violet, and every adjacent 
(fifth) section was stained for fibers by the Weil method. The sections stained 
with cresyl violet were used for the final plotting of nuclear masses. Following 
a comprehensive microscopic study of the sections, every other section stained 
with cresyl violet (every tenth serial section) was placed in a projection apparatus ; 
the nuclear masses were outlined, and the outlines were checked under the micro- 
scope. These plots were used for making the descriptions of topographic relations 
of each nucleus. Seventeen sections approximately 700 microns apart were selected 
for the drawings which accompany this paper. 

A second series was cut from a block of concentrated compound of pyroxylin 
(celloidin), each section 25 microns thick. Every section was mounted. These 
were divided into three alternating sets. The first set was stained for cells with 
cresyl violet; the corresponding (adjacent) sections were stained for myelinated 
fibers by a modification of the Weigert method. These series were used to check 
the observations in the series set in paraffin and the relations of fiber systems. No 
essential differences were noted in the two series stained with cresyl violet. A third 
series was prepared by the Wiegert-Pal method. 


PREOPTIC REGION 

The preoptic region extends from the level of the anterior com- 
missure down to the level of the optic chiasm. Orally it is continuous 
with the septum and the olfactory tubercle, caudally with the hypothala- 
mus. The functional significance of this region may be surmised from 
its connections. It is a region through which the basal (olfactory) 
parts of the forebrain are linked with the hypothalamus and epithalamus 
by means of a number of ancient fiber systems, the foremost of which 
are the medial forebrain bundle (olfactopeduncular tract), the septo- 
hypothalamic tract, the terminal stria, the fornix, the ansa peduncularis 
(olfactohabenular tract) and the medullary stria. The fornix and the 
medial forebrain bundle largely pass through the preoptic region to 
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end in the hypothalamus. The terminal stria and septohypothalamic 
tract largely terminate in the preoptic region. The ansa peduncularis and 
the medullary stria largely rise in this region. It seems obvious from 
the relation of the fibers that the thirteen cellular groups described 
here are in most cases bed nuclei or terminal nuclei of the large tracts, 
or nuclei of origin especially of the components of the medullary stria. 
It is evident that the hypothalamus and epithalamus are in no way 
isolated vegetative centers, but that they depend for their excitation 
on neural circuits which reach them mainly via the preoptic region from 
the septum, olfactory tubercle, amygdala and hippocampal formation and 
probably from the striatum and supra-optic decussations. 

It is possible to divide the nuclei of the preoptic region into two 
general classes: a small cell class, which includes most of the preoptic 
nuclei, and a large cell class. The nuclei of the former are grouped 
almost entirely on the bases of topographic relations, compactness of 
the cells and their orientation, since the small, pale-staining and granu- 
lar cells of these nuclei are generally similar. A possible exception to 
this is the lateral preoptic nucleus, which can be distinguished on the 
basis of cell structure from the interstitial cells (7) of this region. These 
small cell nuclei show a marked reduction in both size and distinctness 
in a microsmatic mammal as compared with homologous nuclei in 
macrosmatic mammals. The nuclei of the large cell class include the 
nucleus ansa peduncularis, nucleus preopticus magnocellularis, nucleus 
septohypothalamicus and nucleus of the diagonal band. The cells of 
these nuclei are larger than those of the nuclei of the small cell class 
and stain more deeply. They all show definite structural characteristics 
which provide the basis for their separation into nuclear groups. In 
spite of the microsmatic nature of Pithecus, these nuclei show a large 
increase in size and differentiation as compared with lower mammals. 


Nucleus of the Diagonal Band (figs. 2 to 6, n.d.b.).—This nucleus is a distinct 
band of deeply staining cells of small and medium size which follow the course 
of the diagonal band of Broca. It curves ventrally from the region of the septum; 
it extends caudally under the anterior commissure and then, turning laterally at 
the caudal level of the commissure, spreads laterally caudal to the olfactory 
tubercle (fig. 6). Here it lies ventral to the nucleus ansa peduncularis. Its frontal 
end (fig. 2) is closely associated laterally with the nucleus of the septohypo- 
thalamic tract and the nucleus preopticus magnocellularis. 


Nucleus Septohypothalamicus (figs. 2 and 3, n.sh.).—This is a mass of cells of 
medium size situated oral and somewhat dorsal to the anterior extremity of the 
nucleus preopticus magnocellularis from which it is distinguished by its oral 
position and the smaller size of its cells. Orally it begins in the medial side of 
the septum in front of the anterior commissure. Passing ventrally and caudally 
it appears to be the bed nucleus of the septohypothalamic tract, the course of 
which it follows into the preoptic region where it is replaced by the nucleus 
preopticus magnocellularis. 
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Nucleus Preopticus Magnocellularis (figs. 3 to 5, n. po. mg.).—This is the 
most outstanding group of large cells in the preoptic region, being closely 
associated with the nucleus of the diagonal band. The cells are large and generally 
round, with peripherally located Nissl substance which stains darkly. Orally the 
nucleus begins at the middle of the anterior commissure where it is replaced 
by the nucleus septohypothalamicus. Caudally it ends in a more lateral position 
between the lateral preoptic nucleus and the diffuse portion of the nucleus of 
the ansa peduncularis. For its entire extent it is followed by the medial fas- 
cicles of the medial forebrain bundle. It corresponds to the medial group of 
large cells which Loo (1931) included in his nucleus preopticus magnocellularis. 
However, Loo apparently included under this name all the large cells extending 
laterally, which we have here designated as the nucleus of the ansa peduncularis. 
Rioch (1929) has included this nucleus in the territory of his medial parolfactory 
nucleus. Gurdjian (1927) included it in the interstitial nucleus of the septal 
portion of the medial forebrain bundle. 

Nucleus Ansa Peduncularis (figs. 5 to 10, n. an. p.).—This is a large and 
well defined mass of deeply staining cells of medium size situated ventral to the 
globus pallidus. Orally it appears at the caudal level of the anterior commissure 
as a narrow band of cells between the nucleus preopticus lateralis dorsally and 
the olfactory tubercle ventrally. Traced down to the caudal level of the olfactory 
tubercle it expands and comes into relation with the globus pallidus. Farther 
caudally it breaks up into several compact groups of cells with scattered cells 
dispersed among the fiber bundles of the inferior thalamic peduncle (ansa 
peduncularis and olfactohabenular tract). Caudally, as the fibers of the ansa 
peduncularis diminish in number, the nucleus becomes smaller and finally ends 
at the caudal level of the globus pallidus. 

This nucleus, with the nucleus of the diagonal band and the lateral preoptic 
nucleus, is situated in the region often designated as the substantia innominata of 
Reichert or substantia perforata anterior of other authors. It corresponds to a 
nucleus of the same name described by Meynert (1872) and von KoOlliker (1896, 
fig. 599. Nap). Malone (1914) described it in Homo, Macacus and the lemur, but 
not in the cat. Edinger (1904) called it the ganglion of the ansa lenticularis. Grev- 
ing (1928) labeled it Meynert’s ganglion and nucleus basalis. Beccari (1911) 
described it in man as the nucleus of the septal plane. Ayala (1915) described 
a nucleus subputaminalis and a nucleus ansa lenticularis, both of which appear 
to correspond to our nucleus ansa peduncularis. Since these cells throughout most 
of their extent appear to be definitely related to the ansa peduncularis and not to 
the ansa lenticularis we have avoided his nomenclature. Loo (1931) apparently 
included this nucleus, in the opossum, under the name of nucleus preopticus 
magnocellularis. Grunthal (1932) derived this nucleus (basalis) from the lateral 
segment of the globus pallidus. It is probably the origin of the anterior olfacto- 
habenular tract of Loo, which appears to form a large component of the ansa 
peduncularis. 

Nucleus Interstitialis of the Inferior Thalamic Peduncle (figs. 5 and 7, n. i. p.). 
—This is a group of cells situated in the inferior peduncle of the thalamus dorsal 
and lateral to the medial preoptic area, ventral to the medial end of the nucleus 
reticularis and ventrolateral to the filiform nucleus. It consists of cells somewhat 
larger than those of the medial preoptic area and of the lateral preoptic nucleus. 
It corresponds to the nucleus of the same name ‘described by Rioch (1929) in 
carnivora. 
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Nucleus Preopticus Medianus (figs. 2 to 4, n.po.m.)—This is a distinct 
group of small cells along the midline in the extreme anterior portion of the 
preoptic region. It is probably a nucleus of the raphe, running along the ventral 
surface of the anterior commissure and curving dorsally around its oral surface. 
This nucleus was described by Loo (1931), Chu (1932) and Papez (1932). 
Friedemann (1911) designated it as the anterior nucleus of the tuber cinereum (t €). 

Nucleus Preopticus Anterior (fig. 3, n. po. a.)—This can hardly be recognized 
as a definite cell mass. 

Nucleus Preopticus Principalis (figs. 3 to 5, n. po. pr. s. and n. po. pr. i.) —This 
nucleus begins under the anterior commissure lateral to the nucleus preopticus 
medianus and caudal to the nucleus preopticus anterior. It appears as two closely 
related cell masses, the pars superior and the pars inferior. The cells of both 
parts are small. In comparison with those of lower mammals both parts are 
reduced in size and distinctness, probably owing to the microsmatic nature of 
the ape brain. Caudally the inferior part shifts ventrally and separates from the 
superior part, and here both parts blend with the medial preoptic area. This 
nucleus has been described by Loo (1931) and Chu (1932) in the opossum and 
by Papez (1932) in the armadillo. Gurdjian (1927) and Warner (1929) described 
it as the nucleus preopticus medialis. 

Nucleus Preopticus Lateralis (figs. 3 to 6, n. po. 1.) —This nucleus begins 
under the lateral extent of the anterior commissure in the region of the origin 
of the lateral or olfactopeduncular component of the medial forebrain bundle. 
Many fibers of the anterior commissure penetrate into it at its oral end. The 
nucleus extends caudally as the bed nucleus of the medial forebrain bundle. 
Caudally it is situated lateral to the medial preoptic area and becomes replaced 
by the lateral hypothalamic nucleus. It corresponds to the nucleus of the same 
name described by Gurdjian (1927) and Papez (1932), and probably to the 
nucleus preopticus interstitialis of Loo (1931). Greving (1928) designated it the 
nucleus pallido-infundibularis. 

Nucleus Stria Terminalis (figs. 3 to 5, n. st. t.) —This is a caudal continuation 
of the head of the caudate nucleus and nucleus accumbens. It appears as a large 
mass of small cells surrounding the anterior commissure. Projecting ventral 
to the commissure this nucleus lies to each side of the midline, separated from 
its fellow by the other nuclei of the preoptic region. It can be traced caudally 
as far back as the undifferentiated medial preoptic area. It includes the ventral 
and caudal continuation of the bed nucleus of the terminal stria as described by 
Johnston (1923), Gurdjian (1927) and by Loo (1931). Winkler and Potter (1914) 
called it the prethalamic nuclei. Grinthal (1931) labeled it upper 3 in Macacus. 

Nucleus Preopticus Preventricularis (figs. 5 and 6, n. po. pv.) —A narrow 
band of cells parallel to the ependymal wall of the preoptic recess of the third 
ventricle form this nucleus. It lies chiefly medial to the medial preoptic area 
with which it blends. There is little difference in their small granule-like cells. 
Their alinement along the ventricular wall is the only reason for calling this 
narrow band a separate nucleus. It has been described by Gurdjian (1927), Loo 
(1931), Chu (1932) and Papez (1932). 

Medial Preoptic Area (figs. 5 to 7, m. po. a.) —This is a convenient term used 
to describe an undifferentiated mass of cells at the caudal level of the preoptic 
region where this joins the hypothalamus just in front of the chiasm. Caudal 
to this area the anterior hypothalamic nuclei become differentiated from it. In 
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its oral extremity there are differentiated a number of more discrete cellular 
configurations which have been described as the characteristic preoptic nuclei. 
This area was designated the anterior hypothalamic area by Krieg (1932). 


TUBER CINEREUM 

The tuber cinereum extends from the level of the optic chiasm 
down to the mamillary bodies. Orally it is continuous with the preoptic 
area through which important fiber connections reach it from the basal 
parts of the forebrain (p. 1). It consists of about fifteen distinguish- 
able cellular groups. We have adopted here the topographic classifica- 
tion as most convenient and accurate in this connection. These problems 
of classification and of criteria for distinguishing nuclear masses have 
been well presented by Morgan (1930) and Krieg (1932). Greving 
made an exhaustive study of the nuclear masses and their connection 
in the human hypothalamus which he summed up in von Mollendorfé’s 
“Handbuch der microscopischen Anatomie des Menschen.” 

We have been able to establish in this study that the nuclear pattern 
of the hypothalamic region in Pithecus rhesus is comparable in almost 
every detail to that described by recent authors in lower mammals. The 
extreme constancy of this pattern (with the exception of the nucleus 
tuberalis lateralis) appears to indicate that no important change has 
taken place in this archaic region of the brain of mammals, which from 
ancient times has presided over the internal economy of the organism. 

Krieg (1932), in a description of the hypothalamus of the rat, 
brought into striking relief the part played by the periventricular system 
of fibers as efferent paths through which the hypothalamic centers are 
connected with the dorsal thalamic, tectal, tegmental and bulbar centers. 
This theory is not in accord with the recent views of Clark (1932). He 
believed that the periventricular fibers, of which the mamillothalamic 
tract represents a specialized part, are afferent pathways by which the 
somatic correlation centers of the dorsal thalamus are brought into 
functional relation with the visceral centers of correlation of the hypo- 
thalamus to equate consistently impressions of the external and internal 
environment of the animal. These views of Clark cannot be accepted 
in substance because of the structural evidence presented by Krieg that 
the periventricular fibers represent one of the main efferent connections 
of the hypothalamus with the dorsal thalamus, tectum, tegmentum and 
bulbar and visceral centers. 

The vegetative functions of the hypothalamic centers have been the 
source of considerable interest in recent years, and a large amount of 
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research has been done in this field.t Clark (1932) gave an admirable 
summary of the basic function of the hypothalamus as follows: 


The hypothalamus is the recipient of those vague and undefinable impressions 
which arise in association with all sorts of visceral activities and metabolic pro- 
cesses, and which, in their totality, represent sensory material by which the 
organism is enabled to appreciate itself as a unified being, an individual existing 
as an organized identity without special reference to the external environment. 
In general, then, the hypothalamus may be regarded as a part of the diencephalon 
which, by its nervous connections and through the direct liaison which it establishes 
with the hormonic regulatory system via the pituitary, mediates the integration 
of the visceral impulses and plays an essential part in the control of the internal 
milieu of the organism. 

Nucleus Hypothalamicus Anterior (figs. 6 to 8, n. hy. a.).—This nucleus 
appears as two oval condensations of cells dorsal to the anterior part of the 
chiasm between the lateral preoptic nucleus and the periventricular part of the 
nucleus hypothalamicus magnocellularis. Of the two parts the dorsal is the larger 
and more round in transverse sections. The ventral part has a more oval outline. 
They are indistinctly differentiated in Pithecus rhesus. Caudally this nucleus is 
replaced by the nucleus hypothalamicus ventromedialis. It has been described 
by Gurdjian (1927), Rioch (1929), Warner (1929), Chu (1932), Krieg (1932), 
Papez (1932) and Ingram, Hannett and Ranson (1932). Friedemann (1911) 
included it in the anterior nuclei of the tuber (7 6). It is the nucleus 2 and 3 of 
Griinthal (1931). 

Nucleus Hypothalamicus Lateralis (figs. 7 to 11, n.hy.l.) —This nucleus begins 
in the preoptic region as a caudal extension of the lateral preoptic nucleus. Its 
cells, however, are of a somewhat different nature. It follows the course of the 
medial forebrain bundle caudally through the lateral border of the tuber cinereum, 
forming an interstitial nucleus of this bundle. The nucleus extends as far down as 
the mamillary bodies. The large cells of this nucleus and of the nucleus periforni- 
calis were designated by Malone (1914) and Morgan (1930) as the nucleus tubero- 
mamillaris, and by Friedemann (1911), Greving (1928) and Griinthal (1931) as the 
nucleus mamillo-infundibularis. Other recent authors have described it as nucleus 
hypothalamicus lateralis (Winkler and Potter, Gurdjian, Rioch, Warner, Chu, 
Krieg, Papez, and Ingram, Hannett and Ranson). 

Nucleus Perifornicalis (figs. 9 and 10, n.pe.).—This is closely related to the 
medium-sized cells of the nucleus hypothalamicus lateralis. It consists of the cells 
that surround the columns of the fornix. It extends from the region of the 
mamillary bodies orally to the caudal level of the nucleus hypothalamicus 
magnocellularis. Malone (1914), Greving (1928) and Morgan (1932) described 
the two nuclei together, on the basis of cell type, as the nucelus mamillo- 
infundibularis. It was designated as the nucleus perifornicalis by Gurdjian (1927), 
Rioch (1929), Chu (1932), Papez (1932) and Ingram, Hannett and Ranson (1932). 

Nucleus Hypothalamicus Magnocellularis (figs. 6 to 9, n. hy. mg.).—This 
nucleus is readily recognized by the character of the darkly staining and compactly 
grouped cells of medium size. Friedemann, Malone, Greving, Warner and 
Grunthal described it under the name of nucleus paraventricularis (hypothalami). 
Winkler and Potter (1911 and 1914), Gurdjian (1927), Rioch (1929), Krieg 


1. Association for Research in Nervous and Mental Disease, Vegetative 
Nervous System (ser. research publ. vol. 9), Baltimore, Williams & Wilkins Com- 
pany, 1930, see paper by Beathe, Brow and Long. 
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(1932) and Ingram, Hannett and Ranson (1932) called it the nucleus filiformis. 
Tsai (1925), Chu (1932), Papez (1932) and others “called it the nucleus 
magnocellularis hypothalami. Charlton (1932), following R6thig (1911), described 
it in a large number of fishes as the nucleus preopticus pars magnocellularis. In 
Pithecus rhesus, as in other mammals, it consists of at least two portions, the 
part which lies along the ventricular wall (figs. 6 and 7) and the part which 
extends laterally and caudally (figs. 7 and 8). It begins orally at the caudal end 
of the preoptic region caudal to the nucleus periventricularis preopticus and rapidly 
enlarges as a band of cells along the wall of the third ventricle. This periventricular 
part extends caudally as far as the chiasm. At its ventral extent it comes into 
close relation with the nucleus ovoidus. At about this level the lateral extension 
begins to appear from the dorsal end of the periventricular portion and extends 
laterally toward the reticular nucleus. Traced caudally the base of the lateral 
portion remains in relation to the ventricle. This part corresponds to Krieg’s (1932) 
nucleus hypothalamicus dorsomedialis pars dorsalis. It becomes replaced caudally 
by the nucleus hypothalamicus posterior at the level of the middle of the optic 
chiasm. The cells in the two portions differ slightly. 

Nucleus Filiformis or Nucleus Hypothalamicus Parvicellularis (figs. 5 to 7, 
n, fil.).—This is a rather indistinct group of very small cells situated ventral to 
the pars anterior of the nucleus reuniens. Traced caudally it comes into relation 
ventrally with the nucleus hypothalamicus magnocellularis and ventrolaterally 
with the nucleus interstitialis of the inferior thalamic peduncle. It extends as 
far caudally as the nucleus reuniens pars posterior. This nucleus has been 
described by Rioch (1929), Warner (1929), Papez (1932), Chu (1932) and 
Ingram, Hannett and Ranson (1932). 

Nucleus Ovoidus (fig. 7, n. ov.).—This is a small cluster of small cells which 
stain well, situated immediately in the lateral wall of the preoptic recess. In 
Pithecus rhesus it is a poorly differentiated group. It corresponds to Rothig’s 
(1911) nucleus preopticus parvicellularis, to the nucleus ovoidus of recent authors, 
to the nucleus preopticus periventricularis pars suprachiasmatica of Loo (1931) 
and Chu (1932), to 1 of Griinthal and to the nucleus suprachiasmaticus of Kreig 
(1932). It is closely related to the ventral end of the periventricular part of 
the nucleus hypothalamicus magnocellularis and to the nucleus  preopticus 
periventricularis. 

Nucleus Supra-Opticus or Tangentialis (figs. 7 to 10, ». sop.) —This is the 
well known ganglion opticum basale of early authors. It forms a characteristic 
cluster of closely packed, deeply staining cells of medium size, situated just 
lateral to the anterior part of the optic chiasm. Extending for a short distance 
caudally it bends over the optic tract. The part which extends across the tuber 
caudal to the chiasm in lower mammals is seen as a very narrow band of cells 
scattered across the middle of the chiasm along the supra-optic commissure, as 
also described in Macacus rhesus by Malone (1914). It is nucleus 7 of Griinthal. 

Nucleus Hypothalamicus Ventromedialis (figs. 9 to 11, n. hy. um.).—This is 
a condensation of small cells in the ventral medial extent of the tuber. It is one 
of the longest of the cell groups of this region, extending from the anterior 
part of the optic chiasm caudally to end ventral to the mamillary body, thus 
forming the extreme caudal tip of the tuber. Its dorsal surface for most of its 
anterior extent is related to the dorsomedial hypothalamic nucleus. Friedemann 
(1911) designated this nucleus as the ventral nucleus of the tuber ( t v). Cajal 
(1911) called it the principal nucleus of the tuber cinereum. Winkler and 
Potter (1914) included it in the nucleus infundibularis medialis. It is nucleus 
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6 of Griinthal (1931). Its present name has been used by Gurdjian (1927), 
Rioch (1929), Chu (1932), Papez (1932), Ingram, Hannett and Ranson (1932) 
and Krieg (1932). 

Nucleus Hypothalamicus Dorsomedialis (figs. 9 and 10, n. hy. dm.).—This 
nucleus begins near the oral level of the chiasm, just ventral to the nucleus 
hypothalamicus anterior, and extends caudally along the dorsal surface of the 
nucleus hypothalamicus ventromedialis from which it is readily distinguished by 
the character of its cells. Its oral end consists of a cluster of small cells, but 
throughout its caudal extent numerous darkly staining cells of medium size are 
interspersed among the smaller elements. Dorsally it is closely associated with 
the caudal extension of the nucleus hypothalamicus magnocellularis, from which 
nucleus the larger cells are distinguished with some difficulty. No sharp boundary 
exists between the nuclei. Caudally it reaches the mamillary nuclei. Dorsolaterally 
it is associated with Forel’s field Hz». It is the nucleus ¢ 8 of Friedemann (1911) 
and the nucleus 6a of Griinthal. Under the present name it has been described 
by recent authors (Gurdjian, Rioch, Warner, Chu, Papez, Ingram, Hannett and 
Ranson and Krieg). 

Nucleus Hypothalamicus Posterior (figs. 10 and 11, n.Ay.p.).—This nucleus 
forms the central gray matter in the most posterior part of the hypothalamus 
oral to the subthalamic commissure. Orally it extends to the caudal level of the 
nucleus magnocellularis hypothalami. It has been shown by other authors 
(Gurdjian, 1927; Krieg, 1932; Papez, 1932) that it serves as a bed nucleus for 
the periventricular system of fibers. Dorsally it is closely related to the sub- 
fascicular nucleus. The nucleus is continued caudally into the region of the 
aqueduct where it comes into close relation with the nucleus periventricularis. 
Here the nucleus unites with its fellow of the opposite side to form a U-shaped 
mass of cells surrounding the ventral border of the aqueduct (fig. 11). Friede- 
mann (1911) included it in the dorsal nucleus of the tuber cinereum (ta). The 
present name is used by most recent authors (Gurdjian, Rioch, Warner, Papez, 
Chu, Ingram, Hannett and Ranson and Krieg. 

Nucleus Hypothalamicus Periventricularis Posterior (figs. 10 to 13, mn. hy. 
pu. p.) —This is a condensed band of cells bordering the side of the third ventricle. 
It begins caudally at the infundibulum of the tuber and, spreading dorsally and 
orally along the ventricular wall, extends as far forward as the middle of the 
chiasm where it is replaced by the nucleus hypothalamicus periventricularis 
anterior. Gurdjian (1927), followed by Rioch (1929), divided this nucleus into 
a dorsal and a ventral part. Krieg (1932), following Sutkowaja, called the ventral 
part of this nucleus the nucleus arcuatus hypothalami. 

Nucleus Hypothalamicus Periventricularis Anterior (figs. 8 to 10, n. hy. pv. a.). 
—This is a name applied to the scattered periventricular cells situated between 
the periventricular part of the nucleus hypothalamicus magnocellularis and the 
nucleus hypothalamicus periventricularis posterior. These cells can be distinguished 
from those of the latter nucleus by their characteristic alinement among the 
periventricular fibers and their slightly smaller size. This nucleus has been 
described by Gurdjian (1927), Warner (1929), Papez (1932) and Chu (1932). 
Rioch (1929) included it in the periventricular gray matter. Krieg (1932) included 
it in his periventricular nucleus of the hypothalamus. 

Nucleus Periventricularis (figs. 11 to 13, n. periv.)—This is the name given 
by Gurdjian (1927) to the interstitial cells of the periventricular system of 
fibers as they stream dorsally along the third ventricle to the dorsal thalamus 
and midbrain. In Pithecus rhesus the cells are found in the dorsally projecting 
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periventricular fibers surrounding the aqueduct. This nucleus is closely related 
orally to the nucleus subfascicularis dorsally and ventrally to the nucleus hypo- 
thalamicus posterior. These cells have been labeled nucleus hypothalamicus 
periventricularis posterior by Chu (1932) and nucleus periventricularis posterior 
by Papez (1932). 

Nuclei Tuberis Laterales (fig. 9 to 12, n. tub.) —These nuclei were first 
described in primates by Malone (1914). There are in general two parallel 
columns of these compactly grouped small cells in the anterior part of the tuber. 
They begin orally dorsal to the oral part of the chiasm in a lateral position in 
close relation to the ventral border of the lateral hypothalamic nucleus. The 
medial column forms a flat band which extends more orally and curves laterally 
toward the supra-optic nucleus. The lateral column is the larger of the two, 
and is oval in cross-section. The two columns cross the optic tracts caudally 
and extend in the lateral wall of the tuber cinereum as far as its caudal end. It 
will be recalled that Malone denied the presence of this nucleus in mammals other 
than primates, but Morgan (1930) showed it to be present also in the dog. 
Greving (1928) called it the nucleus tuberis in man. 


MAMILLARY NUCLEI 


The mamillary bodies constitute the posterior portion of the hypo- 
thalamus. The mamillary peduncle is presumably an ancient afferent 
fiber tract which brings the tegmental region and probably the visceral 
afferent centers of the bulb into functional connection with the lateral 
mamillary nuclei. In mammals another prominent afferent connection 
is the column of the fornix coming from the pyramidal cells of the 
hippocampus, bringing it into functional relation with the mamillary 
bodies. The large medial mamillary nuclei emit the mamillothalamic 
tract which ends in the anterior nucleus of the thalamus. This thalamic 
nucleus appears to be connected further with the striatum as well as 
with the cingular cortex on the medial side of the cerebral hemisphere 
(Clark, 1932; Waller, 1934). Near its origin from the mamillary nuclei 
the fibers of the mamillothalamic tract bifurcate, the lower division 
passing caudally into the tegmentum in close relation to the medial longi- 
tudinal fasciculus. The functional significance of this whole system is 
not clear, but the presumption is that it brings the olfactory centers 
into relation with the gustatory centers in the hypothalamus and these 
in turn with the cerebral cortex through the medium of the anterior 
thalamic nuclei. 

Nucleus Mamullaris Medialis (figs. 11 to 13, nmm.m and n. mm. 1.).—This 
nucleus is the round clearly outlined column of closely packed cells of medium 
size which, following Gurdjian (1927), may be divided into a large medial part 
(nm. mm. m.) and a small lateral part (7. mm. 1). We did not, however, find the 
posterior part which this author described. The cells of the medial part are of 
more or less uniform character, and can be distinguished from the lateral part by 
their somewhat large size. The mamillothalamic bundle arises chiefly from this 
part. The lateral part (figs. 11 and 12, m. mm. 1.) is a smaller mass of cells 
related chiefly to the end of the incoming fornix column. The cells are smaller 
than in the medial part. 
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Nucleus Mamillaris Medianus (figs. 12 and 13, n. m. m.).—This is a crescent- 
shaped band of small cells which separates the medial mamillary nuclei of the 
two sides. These cells appear to be related to the fibrous capsule of the medial 
mamillary bodies. Friedemann (1911) included these cells in his nucleus of the 
raphe (FR), and Gurdjian (1927) called them the pars medianus of the medial 
mamillary nuclei. 

Nucleus Mamillaris Intercalatus (fig. 12, n. m. i.) —This is a term applied 
here to a small compact group of cells of medium size situated just dorsal to the 
lateral mamillary nucleus and lateral to the medial mamillary nucleus, in relation 
to the mamillary peduncle as this curves down to reach the lateral mamillary 
nucleus. In Weigert preparations the nucleus appears to be more or less devoid 
of myelinated fibers, giving it a clear appearance. We have identified a similar 
clear area of cells in Weigert preparations from the cat, dog and sheep. Malone 
(1910 and 1914) and Greving (1928) described a similar group of cells. We are 
not certain of these homologies, but the cells of our nucleus resemble those indi- 
cated by Malone (1910, fig. 26) for the nucleus intercalatus. Griinthal described 
this as the lateral mamillary nucleus. 

Nucleus Mamillaris Lateralis (fig. 12 n. m. 1.) —This, as in lower forms, is a 
small but distinct cluster of large darkly staining cells situated lateral and ventral 
to the medial nucleus. In cross-sections it is triangular in outline, its narrow 
point extending medially under the medial mamillary nucleus. The direct con- 
nection of the mamillary peduncle with this nucleus was demonstrated by von 
Kolliker (1896) in lower mammals. Malone (1910 and 1914) included it in the 
caudal part of his nucleus tuberomamillaris, and Griinthal called it the nucleus 
intercalatus. 

Nucleus Supramamillaris (figs. 11 to 13, n. sm.).—This is a distinct mass of 
deeply staining cells of medium size loosely grouped in the fiber bundles dorsal 
to the medial mamillary nucleus. Dorsally it is related to the subthalamic com- 
missure (sx.) and more orally to the posterior hypothalamic nucleus. It begins 
cral to the posterior third of the medial mamillary nucleus and ends orally at the 
upper level of the latter nucleus. It corresponds to the dorsal part of the pre- 
mamillary nucleus of Gurdjian (1927). It is closely related to its fellow of the 
opposite side near the midline, though no distinct coalescence takes place. This 
nucleus has been described by Rioch (1929), Chu (1932), Papez (1932), Krieg 
(1932), Ingram, Hannett and Ranson (1932) and Griinthal (1932). 

Nucleus Premamillaris Dorsalis (fig. 11, n. pm. d.).—This is a small rectangular 
condensation of cells situated just ventral to the anterior end of the medial 
mamillary nucleus. This nucleus has been described by Gurdjian (1927), Krieg 
(1932) and Chu (1932). It corresponds to nucleus 12 of Griinthal (1931, fig. 31). 

Nucleus Premamillaris Ventralis (figs. 11 and 12, n. pm. v.).—This nucleus 
appears at the caudal end of the hypothalamus between the medial mamillary 
nucleus and the caudal end of the ventromedial nucleus. It should be noted that 
in Pithecus rhesus the latter nucleus extends farther caudally than in other mam- 
mals, judging from the figures of other authors. Both nuclei disappear at the 
level of the middle of the mamillary body. This nucleus has been described by 
Gurdjian (1927), Rioch (1929), Krieg (1932), Chu (1932) and Papez (1932). It 
is nucleus 13 of Grtinthal (1931). 

Nucleus of the Mamillary Peduncle (figs. 13 and 14, n. m. p.).—This nucleus 
has been described by Papez (1932) in the armadillo. It corresponds to the 
ventral tegmental nucleus of Tsai (1925) and Gurdjian (1927). The latter author 
also noted its intimate relation to the mamillary peduncle in the rat (Gurdjian, 
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1927, p. 95). The nucleus begins in the lateral wall of the interpeduncular fossa 
in the region of the exit of the rootlets of the oculomotor nerve. It lies medial 
to the nucleus opticus tegmenti or the nucleus of the basal optic root. It extends 
forward to the dorsal side of the caudal third of the mamillary body where it soon 
disappears as the mamillary peduncle turns ventrally to enter the lateral mamillary 
nucleus. In Pithecus rhesus it is not as extensive as in lower mammals, and the 
bulk of the nucleus has a more oral and dorsal situation, probably owing to the 
ventral and caudal displacement of the mamillary bodies. 


SUBTHALAMUS 


The line of demarcation between the dorsal thalamus and the sub- 
thalamus is definite in Pithecus rhesus, but the separation between the 
subthalamus and the hypothalamus is not as sharp, and the two latter 
parts may be referred to as constituting the ventral thalamus. Another 
feature of importance is that the subthalamus is continued caudally into 
the tegmental region of the midbrain in such a way as to make their 
separation impossible and, in fact, undesirable. It is on this account 
that a number of closely related masses in the tegmentum of the mid- 
brain are included after the description of the subthalamic centers in 
this paper. 

The tegmentum and the subthalamus are largely fiber fields consisting 
of ascending and descending systems interpolated chiefly between the 
corpus striatum on the one hand and the red nucleus, oculomotor centers 
and tegmental nuclei on the other hand. Aside from the cerebral pedun- 
cles proper, which carry the cerebropontile fibers from the cortex to the 
pontile nuclei and the cerebrobulbar and spinal (pyramidal) fibers to 
the motor nuclei, the fibers in the subthalamus and tegmental region 
are related to the corpus striatum and form the upper links in the ancient 
striatal or extrapyramidal system. 

With the increase in size and importance of the striate body, a 
corresponding increase in size and differentiation of the subthalamic 
and tegmental centers is apparent. A possible exception to this is the 
nucleus profundus mesencephali of Ariéns Kappers (1921). This group 
of cells is well defined in fishes, amphibia and reptiles, and reaches its 
maximum size in the primitive insectivorous mammal Tamandua. In 
higher mammals the nucleus appears to have undergone a marked 
reduction, so that it has escaped recognition in descriptive accounts. 
Another tegmental nucleus, the nucleus opticus tegmenti of Tsai (1925), 
better known as the nucleus of the transverse peduncular tract, though 
not reduced in mammals, has often escaped attention because of the 
similarity of its cells to those of the substantia nigra. 

Nucleus Subthalamicus of Luys (figs. 9 to 13, n. sub.).—This is the well known 
large lens-shaped nucleus lying on the dorsal aspect of the cerebral peduncle, 
chiefly oral to the substantia nigra and ventral to the zona incerta. Its caudal 
end lies between the peripeduncular nucleus and the substantia nigra. The cells 
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are of medium size and uniform in character, except in its medial border in which 
they are somewhat more closely grouped and of smaller size. Great quantities 
of striosubthalamic fibers reach it by curving through and around the lateral 
border of the cerebral peduncle. 

Nucleus of Zona Incerta (figs. 9 to 13, n. z. 7.).—This nucleus is a narrow 
band of small cells which is interposed between the two fields of Forel situated 
ventral to the ventral nucleus. Its lateral border joins the ventral border of the 
reticular nucleus without a sharp line of demarcation. For most of its caudal 
extent its medial boundary merges with the cells scattered in the fiber fields of 
Forel. Caudally it extends as far as the red nucleus, where its lateral part is con- 
tinuous with the nucleus peripeduncularis. 

Nucleus Peripeduncularis (figs. 14 and 15, n. per.).—This nucleus replaces the 
zona incerta at the level at which the reticular nucleus bends out to assume a 
position lateral to the lateral geniculate body. Here the peripeduncular nucleus 
bends over the lateral border of the peduncle to join the reticular nucleus. More 
caudally it separates from the latter nucleus and comes into close relation with 
the pars ventralis of the lateral geniculate body. It disappears at about the middle 
of the lateral geniculate body, the pars dorsalis. Its cells are larger than those of 
the zona incerta and the pregeniculate nucleus. The peripeduncular nucleus receives 
a band of fibers. from the deep stratum of the optic tract (ventral supra-optic 
decussation) which appears to be its chief connection. 

This cellular lamina was designated as the nucleus peripeduncularis lateralis by 
Jacobsohn (1909), Malone (1911), Neiding (1911), Papez (1929) and Ingram, 
Hannett and Ranson (1932). Rioch (1929) called it the zona incerta caudalis in 
the dog. It corresponds to the smaller cells included under the designation of 
nucleus reticularis ventralis in the armadillo by Papez (1932) and to the caudal 
part of the noyau réticulé ventral of d’Hollander (1913). 

Subthalamic Fields Hi and Hz (figs. 9 to 13).—These are represented by the 
dense synaptic fiber fields chiefly oral to the red nucleus. The two fields are sepa- 
rated by the zona incerta in their oral and lateral extent. Caudally the two fields 
converge toward the red nucleus. The dorsal field contains, scattered in it, fairly 
large cells (m. Hi) which can be distinguished easily from the smaller cells scat- 
tered in the ventral field (n. He). 

The brachium conjunctivum appears to be the chief afferent system reaching 
the dorsal field. Through this field, fibers (f. th.) pass to the striatum from some 
of the nuclei of the dorsal thalamus. The ventral field is formed chiefly by fibers 
from the striatum passing down to the red nucleus (an. /), nucleus subthalamicus 
of Luys, nucleus profundus mesencephali (f. stp.) and interstitial centers and also 
to the substantia nigra and the tegmentum (f. s/.). 

Nucleus Subfascicularis (figs. 11 to 13, n. sf. m. and n. sf. p.) —This nucleus is 
situated ventral to the medial tip of the nucleus centrum medianum and arcuate 
nucleus close to the third ventricle. It consists of two portions, a small dorsal 
portion composed of deeply staining cells of medium size (n. sf. m.) and a much 
larger, extensive and lateral portion composed of small pale-staining cells (n. sf. p.) 
The former corresponds to the nucleus described by Papez (1932) in the arma- 
dillo; the latter to the nucleus subparafascicularis in the dog as described by Rioch 
(1929). The ventral portion is continuous with the cells of the posterior hypo- 
thalamic nucleus, and appears to be related to the dorsally streaming periventricular 
fibers as well as to the fibers of Forel’s field H:. Caudally it is also related to the 
ciliary nucleus (nE.W.). In Weigert’s preparations it appears as a narrow clear 
area which, however, should not be confused with the arcuate nucleus. 
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Nucleus Ansa Lenticularis (figs. 8 to 13, n. an. 1.) —This nucleus appears as a 
group of cells of medium size along the course of the ansa lenticularis as it curves 
around the medial border of the cerebral peduncle. Medially it is closely related 
to the lateral hypothalamic nucleus and laterally to the nucleus of the ansa 
peduncularis. It corresponds to nucleus 9 of Grunthal. 

Nucleus Entopeduncularis——This nucleus cannot be identified in Pithecus rhesus 
as a separate interstitial nucleus in the cerebral peduncle as it is seen in carnivora 
and some other lower mammals. Griinthal (1932) discussed the confusion which 
exists concerning this nucleus. 


TEGMENTAL NUCLEI 


Nucleus Tegmenti Anterior (figs. 14 to 16, n. teg. a.)—This nucleus appears 
as a triangular mass of cells in the extreme ventral and caudal part of the thalamus, 
lying in the fiber fields between the medial geniculate body and the posterior 
nucleus of the thalamus and ventral to both. The medial lemniscus fibers separate 
it from the posterior nucleus. The brachium of the inferior colliculus (lateral 
lemniscus) separates it from the medial geniculate body. The most posterior 
thalamic radiations are assembled in its ventral part. This nucleus has been illus- 
trated in the carnivora by Rioch (1929), who would probably include it in his 
lateral tegmental nucleus. Jacobsohn (1909) included it in the caudal part of his 
lateral peripeduncular nucleus. Davenport and Ranson (1930) designated this 
region in the cat as the substantia tegmentalis. This nucleus is not homologous 
with the nucleus of the same name shown in the comparative charts of Kappers. 

Substantia Nigra (figs. 11 to 17, s. n. c., s. n. d., s. n. 1.) —This region may be 
divided into three parts: compacta, diffusa and lateralis. The substantia nigra com- 
pacta (s. n. c.) forms a large irregular island of darkly staining closely grouped 
cells situated in the dorsal part of the cerebral peduncle. The substantia nigra 
diffusa (s. n. d.) consists of widely scattered cells surrounding the substantia nigra 
compacta, and is partially embedded in the dorsal surface of the cerebral peduncle. 
The extent of both the compact and the diffuse parts is from the oral level of the 
mamillary bodies to the caudal level of the medial geniculate body. The substantia 
nigra lateralis (s. n. /.) lies on the dorsal surface of the lateral border of the 
cerebral peduncle. In cell structure it resembles the substantia nigra diffusa, but 
can be readily recognized in Weigert preparations by the large compact fiber 
bundles that pass through it. This part appears to correspond to the intrapeduncu- 
lar nucleus of Malone (1913) and to the substantia nigra pars lateralis in the dog 
(Rioch, 1929). 

Nucleus Profundus Mesencephali (figs. 15 to 17, n. prof. m.).—This nucleus 
appears in Weigert preparations as a small clear area of cells circumscribed by a 
dense field of fine fibers situated on the dorsolateral surface of the substantia nigra 
compacta. It lies dorsomedial to the substantia nigra lateralis. It appears in 
sections through the oral level of the posterior commissure and extends caudally 
as an oval column of cells down to sections through the caudal level of the 
posterior commissure. The cells of this nucleus are slightly smaller than those of 
the substantia nigra, but in Nissl sections are otherwise indistinguishable. 

This nucleus has been identified in lower vertebrates by Ariéns Kappers (1921) 
who showed it as a large mass also in Tamandua tetradactyla (his fig. 477) ; it 
does not compare with the nucleus of the same name described by Beccari (1923), 
since he used the term to describe the large lateral tegmental nucleus (nucleus 
innominatus, Bechterew). 
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The dense field of fine fibers surrounding the nucleus appears to be the strio- 
peduncular tract (f. st p.), which is homologous with a part of the lateral forebrain 
bundle of reptiles. Since in these forms the mesencephalic terminus of the lateral 
forebrain bundle is called the nucleus profundus mesencephali, we believe the 
homology is possible. Just dorsal to the fine fibers of the striopeduncular tract 
there is a bundle of coarse fibers which have been designated as the subthalamico- 
peduncular tract (f. sp.). However, it is not possible to ascertain exactly the 
origin of these two tracts from sections stained by the Weigert method. 

Nucleus Opticus Tegmenti or Nucleus of the Transverse Peduncular Tract 
(fig. 14, n. op. t.)—This nucleus appears as a compact cluster of cells in close 
relation to the medial border of the cerebral peduncle at the anterior level of the 
exit of the rootlets of the oculomotor nerve. It consists of large deeply staining 
cells similar to those of the substantia nigra compacta, from which they are dis- 
tinguished chiefly by their orientation in the transverse peduncular tract as it curves 
around the medial border of the cerebral peduncle. 

This nucleus, the relation to it of the transverse peduncular tract and the litera- 
ture on the subject have been discussed by Kosaka and Hiraiwa (1915), Castaldi 
(1923) and Tsai (1925). Clark (1929) identified the nucleus in Tupaia minor. 
Rioch (1929) identified it as the nucleus of the transverse peduncular tract, but 
like Papez (1932) was not able to separate it sharply from the substantia nigra 
compacta. 

Nucleus Ruber (figs. 13 to 17, n. r. pa., n. r. mg.).—This nucleus presents the 
two characteristic parts: an anterior parvicellular part (m. r. pa.) and the caudal 
magnocellular part (n. r. mg.). In Pithecus rhesus they are clearly distinguish- 
able and are encapsulated in distinct fiber capsules. As in man, the parvicellular 
part partially surrounds the habenulopeduncular tract. Monakow (1909) made a 
comparative study of the red nucleus of various mammals, including that of 
Macacus rhesus. 

Nucleus Interstitialis of the Posterior Commissure (figs. 14 to 17, n. i. p. c.).— 
This is a group of large cells widely scattered among the fibers lateral to the inter- 
stitial nucleus of which it is the outlying part. It lies ventral to the nucleus of 
the posterior commissure. Orally some of these cells are strewn among the ven- 
trally arching fibers of the posterior commissure, so that it is not possible to make 
a definite line of demarcation between this nucleus and the nucleus of the posterior 
commissure. But on account of their great size the cells can be readily distin- 
guished. Some small cells similar to those of the anterior tegmental nucleus are 
also scattered through this area. 

Nucleus Interstitialis (figs. 15 to 17, n. i.) —This nucleus is a small condensa- 
tion of fairly large cells medial to the nucleus interstitialis of the posterior com- 
missure, just lateral to the Edinger-Westphal nucleus. It is embedded in the 
fibers of the medial longitudinal fasciculus and descending fibers of the posterior 
commissure. This nucleus was first described by Darkshevich (1886) as the 
oberer Oculomotoriuskern and is often referred to as the nucleus of Darkshevich. 
It is also called the nucleus of the posterior commissure and nucleus of the medial 
longitudinal bundle from the obvious relations it bears to these fiber systems. The 
name, nucleus interstitialis, was introduced by Cajal (1911). 

Nucleus of Edinger and Westphal (figs. 14 to 16, n. E. W.).—This is a well 
developed nucleus in the central gray matter extending from the level of the 
habenulopeduncular tracts down to the oral end of the oculomotor nucleus. It 
consists of a well developed dorsolateral part and a less clearly differentiated 
dorsomedial part. The former may be traced caudally to the level of the oculo- 
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motor nucleus, the oral end of which it overlies. The latter part consists of more 
scattered cells, some of which stream ventrally along the midline and become 
dispersed along the side of the nucleus medialis anterior of Perlia. Greving (1928) 
clearly figured and described (as a vegetative center) the Edinger-Westphal 
nucleus in man, but it should be noted that the two parts of the nucleus are more 
sharply defined in man than in the monkey. 

Nucleus Medialis Anterior of Perlia (figs. 14 to 16, ». m. a.).—This nucleus 
belongs to the oculomotor group. It begins orally (fig. 14) as a group of cells 
of medium size close to the midline, oral to the dorsal group of cells of the oculo- 
motor nucleus and ventral to the Edinger-Westphal nuclei. Traced caudally these 
nuclei (mn. m. a.) lie between the medial ends of the anterior parvicellular parts 
of the red nuclei (n. r. pa.). Becoming somewhat larger they end in relation to 
the oral end of the dorsal cell groups of the oculomotor nuclei (fig. 16). Barker 
(1899) and van Gehuchten (1906) reviewed the earlier works on the component 
groups of the oculomotor nuclei, and Mingazzini and Greving (1928) have done 
the same. 

Nucleus Oculomotorius (figs. 16 and 17, n. N. J/1).—This nucleus consists of 
two parts. The dorsal part is smaller and is continuous forward with the nucleus 
medialis anterior of Perlia. The ventral part is somewhat lobulated along its 
ventral surface, giving the appearance of partial subdivision. 


SUMMARY AND CONCLUSIONS 

The ventral thalamus in the primate Pithecus (Macacus) rhesus is 
divisible into the subthalamus and the hypothalamus. The latter consists 
of the preoptic region, the tuber cinereum and the mamillary bodies. 
We have found the nuclear masses of each region to be in general 
similar to those of lower mammals, with a few exceptions. 

In the preoptic region all the nuclei described by previous authors 
could be identified with the exception of the nucleus preopticus anterior. 
In addition, a nucleus septohypothalamicus is described. The small 
cell nuclei show a decrease in discreteness, while the large cell nuclei 
show an increase in importance. 

In the tuber cinereum no marked simplification of the nuclear pattern 
was noted. The extreme constancy of this region is a particular feature 
of all mammals. The one exception is the nucleus tuberis lateralis which 
seems to be a characteristic of primates. 

The mamillary nuclei show a marked increase in size and develop- 
ment. Of particular note is the increase in size and distinctness of the 
nucleus mamillaris intercalatus. Both a dorsal and a ventral premamil- 
lary nucleus were identified. 

In the subthalamus the absence of an entopeduncular nucleus is 
noteworthy. A nucleus ansa lenticularis is described. 

In the tegmentum, of particular note is the nucleus tegmenti anterior, 
and also the identification of a much reduced nucleus profundus mesen- 
cephali, probably the homolog of the nucleus of the same name in rep- 
tiles. The nucleus opticus tegmenti and nucleus of the mamillary 
peduncle are also described. 
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Fig. 1—Transverse section through the middle of the septum of Pithecus 


rhesus; cresyl violet stain; & 614. (AIl the sections were 20 microns thick and 
about 700 microns apart.) 


Fig. 2—Transverse section through the caudal level of the septum of Pithecus 
rhesus; cresyl violet stain; 


Fig. 3—Transverse section through the anterior commissure of Pithecus 
thesus ; cresyl violet stain; 6%. 
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Fig. 4.—Transverse section through the anterior tubercle of the thalamus and 


the preoptic region of Pithecus rhesus; cresyl violet stain; « 6%. 
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Fig. 5.—Transverse section through the anterior part of thalamus and the 
preoptic region of Pithecus rhesus; cresyl violet stain; Kk 6% 
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Fig. 6—Transverse section through anterior part of thalamus and the preoptic 
region of Pithecus rhesus; cresyl violet stain; X 6%. 
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Fig. 7—Transverse section through anterior part of optic chiasma of Pithecus 
rhesus; cresyl violet stain; x 6%. 
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Fig. 8.—Transverse section through the middle of the thalamus of Pithec 


rhesus; cresyl violet stain; K 6%. 
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Fig. 9.—Transverse section of the thalamus of Pithecus rhesus through tl 
middle of the optic chiasm; cresyl violet stain; « 6% 
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Fig. 10—Transverse section of the thalamus of Pithecus rhesus through the 
posterior part of the optic chiasm; cresyl violet stain; X 6%. 
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Fig. 11.—Transverse section of the thalamus of Pithecus rhesus through the 
anterior level of the mamillary region; cresyl violet stain; X 6%. 
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Fig. 12.—Transverse section of the thalamus of Pithecus rhesus through the 
middle of the infundibulum; cresyl violet stain; & 6%. 
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Fig. 13—Transverse section of the thalamus of Pithecus rhesus through the 
caudal level of the mamillary region and tuber cinereum; cresyl violet stain; 
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Fig. 14—Transverse section through the posterior part of the thalamus of 
Pithecus rhesus at the anterior level of the entrance 
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Fig. 15.—Transverse section of the posterior part of the thalamus of Pithecus 
rhesus through the level of the habenular commissure; cresyl violet stain; & 6%. 
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Fig. 16.—Transverse section of the thalamus of Pithecus rhesus through the 
middle of the posterior commissure; cresyl violet stain; K 6%. 
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Fig. 17.—Transverse section of thalamus 


and midbrain of Pithecus rhesus 
gh the level of the anterior end of the superior colliculus; cresyl violet stain ; 


. 
post. com.—_——_—— n. ret. 
/ 
¢. p, 
P} 
pot. com, sg. 
xX oO”. 


PAPEZ-ARONSON—VENTRAL THALAMUS 25 


ABBREVIATIONS 


The abbreviations used in the article and in the accompanying illustrations are 
as follows: a. ”., anterior neuroporic recess; an.l., ansa lenticularis; an.p., ansa 
peduncularis ; ant. com., anterior commissure ; ag., aqueduct of Sylvius; c. c., corpus 
callosum; c.v.c., caput nucleus caudatus; c. pin., corpus pineale; c. s. c., commis- 
sure of superior colliculus ; cen. g., central gray matter ; cer. ped., cerebral peduncle ; 
j., fornix; f. 1, fasciculus lenticularis; f. sp., fasciculus subthalamicopeduncularis ; 
f. stp., fasciculus striopeduncularis; f. th., fasciculus thalamicus; g. rec., gyrus 
rectus; g. sub., gyrus subcallosus; g/. pal., globus pallidus; hx., habenular com- 
missure; hyp. n., hypophysis, pars neuralis; hyp. t., hypophysis, pars tuberalis; 
i., interstitial cells of preoptic and hypothalamic regions; int. cap., internal capsule ; 
is. Cal., island of Calleja; 1. m. e., lamina medullaris externa; /. m. i., lamina 
medullaris interna; /at., lateral ventricle; m. po. a., medial preoptic area; N. JJ, 
nervus oculomotorius ; ”. ac., nucleus accumbens septi fig. 1 ; . ad., nucleus anterodor- 
salis; m. an. /., nucleus ansa lenticularis; n. an. p., nucleus ansa peduncularis ; 
n. ant., nucleus anterior; n. c. m., nucleus centrum medianum; m. caud., nucleus 
caudatus; . cen. /1., nucleus centralis lateralis; ». cen. m., nucleus centralis medi- 
alis; n. cil., nucleus ciliaris; n. d. b., nucleus of diagonal band; n. E. W., nucleus 
(ciliaris) of Edinger and Westphal; n. fil., nucleus filiformis; n. g. 1. d., nucleus 
geniculatus lateralis, pars dorsalis; J /, J r, 21, 2r, 31, 3r, laminae 1 to 3, receiving 
fibers from the left eye (/) or from the right eye (rv); n. g. I. v., nucleus genicu- 
latus lateralis, pars ventralis; . g. m., nucleus geniculatus medialis; . g. m. m., 
nucleus geniculatus medialis, pars magnocellularis; n. H:, nucleus of Haubenfield, 
1 of Forel; n. H»2, nucleus of Haubenfield, 2 of Forel; n. h. /., nucleus habenularis 
lateralis; ». h. m., nucleus habenularis medialis; n. hy. a., nucleus hypothalamicus 
anterior; ». hy. dm., nucleus hypothalamicus dorsomedialis; . hy. /., nucleus hypo- 
thalamicus lateralis; n. hy. mg., nucleus hypothalamicus magnocellularis; n. hy. p., 
nucleus hypothalamicus posterior; mm. hy. pv. a., nucleus hypothalamicus peri- 
ventricularis anterior; . hy. pv. p., nucleus hypothalamicus periventricularis poste- 
rior; n. hy. vm., nucleus hypothalamicus ventromedialis; . 1., nucleus interstitialis ; 
n. i. p., nucleus interstitialis of the inferior thalamic peduncle; n. i. p. c., nucleus 
interstitialis of the posterior commissure; m. ip., nucleus interpeduncularis; n. iv., 
nucleus interventralis; m. /. a., nucleus lateralis, pars anterior; m. J. 7, nucleus 
lateralis, pars intermedia; n. /. p., nucleus lateralis, pars posterior; n. /. th., 
nucleus lentiformis thalami; ». m. a., nucleus medialis anterior; ». m. 1., nucleus 
mamillaris intercalatus; m. m. /., nucleus mamillaris lateralis; nm. m. m., nucleus 
mamillaris medianus ; m. p., nucleus of mamillary peduncle; med., nucleus medi- 
alis; nm. mm. 7., nucleus mamillaris medialis, pars lateralis; m. mm. m., 
nucleus mamillaris medialis, pars medianus; m. N. JI, nucleus of oculo- 
motor nerve, figs. 16, 17; . o. t., nucleus of optic tract; . o/., nucleus olivaris 
of superior colliculus; . op. t., nucleus opticus tegmenti, or nucleus of the basal 
optic root; m. ov., nucleus ovoidus; n. pa., nucleus parataenialis; n. par. a., nucleus 
paraventricularis anterior; ». par. p., nucleus paraventricularis posterior; m. pc., 
nucleus paracentralis ; ». pe., nucleus perifornicalis; ». per., nucleus peripeduncularis ; 
n. periv., nucleus periventricularis; n. pf., nucleus parafascicularis; nm. pm. d., 
nucleus premamillaris dorsalis; ». pm. v., nucleus premamillaris ventralis; . po. a., 
nucleus precpticus anterior; . po. /., nucleus preopticus lateralis; . po. m., nucleus 
preopticus medianus; mn. po. mg., nucleus preopticus magnocellularis; m. po. pr. i., 
nucleus preopticus principalis, pars inferior; m. po. pr. s., nucleus preopticus princi- 
palis, pars superior; . po. pv., nucleus preopticus periventricularis; n. post., 
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nucleus posterior thalami; . pre. g., nucleus pregeniculatus; ». pret., nucleus pre- 
tectalis; n. prof. m., nucleus profundus mesencephali; n. p. c., nucleus of the poste- 
rior commissure; 7. r. a., nucleus reuniens anterior; 1. r. mg., nucleus ruber, pars 
magnocellularis; . r. p., nucleus reuniens posterior; . r. pa., nucleus ruber, pars 
parvicellularis ; ret., nucleus reticularis; rh., nucleus rhomboidalis; n. sep. d. 
nucleus septi dorsalis, pars lateralis, fig. 1; m. sep. d. m., nucleus septi dorsalis, 
pars medialis, fig. 1; ». sep. l., nucleus septi lateralis, fig. 1; ». sep. m., nucleus sept 
medialis, fig. 1; ». sf. m., nucleus subfascicularis, pars magnocellularis; n. sf. p., 
nucleus subfascicularis, pars parvicellularis; m. sg., nucleus suprageniculatus ; 
n. Sh., nucleus septohypothalamicus; n. sm., nucleus supramamillaris; mn. sop. 
nucleus supra-opticus, or tangentialis; m. st. m., nucleus stria medullaris; ». st. t. 
nucleus stria terminalis; . sub., nucleus subthalamicus of Luys; ». teg. a., nucleus 
tegmenti anterior; ». tub., nucleus tuberis lateralis; . v. a., nucleus ventralis, pars 
anterior; . v. arc. m., nucleus ventralis, pars arcuata magnocellularis; ». v. arc. p. 
nucleus ventralis, pars arcuata parvicellularis; n. v. /., nucleus ventralis, pars later- 
alis; . v. m., nucleus ventralis, pars medialis; ». v. s., nucleus ventralis, pars 
submedia; ». v. v., nucleus ventralis, pars ventralis; . 2. 7., nucleus of zona incerta; 
ol, tub., olfactory tubercle; ol. tri., olfactory trigon, figs. 1, 2,; pa, p.2, Ps, pa, 
pulvinar, parts 1 to 4; p. x., large cells between p.s and pa; po. n., pontile nuclei; 
po. r., preoptic recess; post. com., posterior commissure; put., putamen; s. mm c., 
substantia nigra compacta; s. 1. d., substantia nigra diffusa; s. n. /., substantia nigra 
lateralis; st. med., stria medullaris, figs. 4, 6-12; st. ¢., stria terminalis, figs. 5-7; 
sup. col., superior colliculus; sx., subthalamic or ventral decussation of Forel; 
fig. 12; tr. c. h., tractus corticohabenularis, fig. 4; tr. hab. ped., tractus habenulo- 
peduncularis, fig. 14; tr. m. th., tractus mamillothalamicus, figs. 7, 9-11; tr. ol. /., 
tractus olfactorius lateralis, fig. 1; ¢r. ol. m., tractus olfactorius medialis, figs. 1, 2; 


tr. op., tractus opticus; ///, third ventricle 


THALAMIC NUCLEI OF PITHECUS (MACACUS) 
RHESUS 


II. DORSAL THALAMUS 


LESTER R. ARONSON, M.A. 
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ITHACA, N. Y. 


In recent years a considerable amount of research has been done on 
the classification, delimitation and cyto-architecture of the nuclear masses 
of the dorsal thalamus. This has been done chiefly on lower mammals 
and on the lower primates, so that at present there exists a highly 
standardized descriptive concept of this formerly obscure region of the 
brain. As yet this work has not been carried into the higher primates 
and at the present we are still dependent on the older authors and older 
systems of nuclear classification for interpretations of the conditions in 
these forms and in particular in man. 

Since the work of Mann (1905), Vogt (1909), Malone (1910), 
Neiding (1911), and Friedemann (1911), little attention has been given 
to the primate thalamus till the recent work of Pines (1927), who fol- 
lowed closely the precepts of the former authors. The most recent 
works on the lower primates and closely related subprimate forms are 
those of Clark (1927 to 1932). They are of special significance since 
Clark, in his various writings, not only has followed the modern con- 
cepts concerning this region as developed by d’Hollander (1913), Gurd- 
jian (1927), Rioch (1929) and others, but has also given considerable 
aid in solving many of the difficult problems concerning the thalamus. 

If investigations are to be carried into the human thalamus it is 
necessary to have a complete knowledge of the thalamus of some higher 
primates to complete the gap in the series leading up from the lower 
primates. Pithecus rhesus offers particularly favorable material owing 
to its availability, the convenient small size of the brain and the inter- 
mediate position which this animal occupies in the order of primates. 

Besides aiding in an understanding of the human thalamus, a study 
of the thalamus of this primate may aid materially in the solution of 
some of the difficult problems of evolution which have repeatedly con- 
fronted workers in this field, especially in regard to the pretectal group 
of nuclei, the centrum medianum, the pulvinar and the ventral nuclei. 


From the Cornell University Medical School. 
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Many features which are small and indistinct in the brains of lower 
mammals stand out as large and distinct structures in this more highly 
developed brain. 

Pithecus rhesus has long been used as an experimental animal in 
the study of the central nervous system of primates (Sachs, 1909; 
Poljak, 1931, and others) and will probably continue to be used as 
one of the most available laboratory animals of this order. Workers 
using these animals have of necessity used the elementary classifications 
of von Monakow (1995), von Kolliker (1996) and Sachs (1909) or the 
more detailed, but unstandardized, classifications of Vogt (1909), 
Friedemann (1911) and Pines (1927). The results of much of this 
work is confusing, owing to the lack of a uniform anatomic basis. The 
more recent work of Clark and Henderson (1920), of Tilney (1928), 
of Geist (1930), and of Mettler (1933) has provided general topo- 
graphic data for the large divisions of the brain of Pithecus rhesus. 
It is our aim to supplement this with a detailed description of the 
thalamic nuclei, so that a uniform anatomic basis will be provided. It is 
especially needed since such experimental work is now being carried on 
in our laboratory ( Mettler, 1933). 

Through this experimental work and by a study of the fiber con- 
nections of this region, using normal material, a more complete com- 
prehension of the functions of the region may be obtained. For such 
work a complete and detailed knowledge of the nuclear masses is abso- 
lutely necessary.! 

ANTERIOR GROUP OF NUCLEI 

Nucleus Anterior (figs. 3 to 7, n. ant.).—This nucleus occurs as a characteristic 
well defined mass of uniformly medium-sized cells in the anterior portion of the 
thalamus where it forms the anterior tubercle. As in lower mammals it lies 
between the ventral nucleus, pars anterior on its lateral side, and the anterodorsal 
and parataenial nuclei on its medial side. Traced caudally the anterior nuclei of 
the two sides approach each other and fuse at their ventral ends to make a large 
V-shaped formation of cells ventral to the parataenial nucleus. No division of the 
nucleus into a ventral (morphologically dorsal) and medial part was possible as in 
Cercopithecus (Friedemann, 1911) and in lower mammals. 

The fusion of the nuclei of the two sides is more complete than that seen in 
lower animals, forming a distinct pars commissuralis interanteromedialis, which, 
however, does not differ in cell structure. At the posterior end of the middle 
nucleus a distinct notch occurs near its ventral end where the nucleus is replaced 
by the medial nucleus. This notch, which is much accentuated in other forms, 
probably provides the basis for separating the anterior nucleus into a pars ventralis 
(dorsal in Pithecus) and a pars medialis (ventral in Pithecus). 

The large size of the nucleus anterior in Pithecus rhesus does not suggest any 
marked regression of the mamillothalamic system. Clark (1929) discussed the 
evolution of the anterior nuclei with special reference to insectivores. 


1. A description of the material used in this study, the plates and the abbrevia- 
tions used are given in part I which immediately precedes this article beginning 


on page | of this issue. 
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Nucleus Anterodorsalis (figs. 4 to 7, n. ad.).—This nucleus is a compact band 
of darkly staining cells of medium size in the anterior part of the thalamus lying 
against the dorsal medial surface of the anterior nucleus. It is lateral to the 
parataenial nucleus and stria medullaris. Caudally it extends down a considerable 
distance beyond the anterior nucleus where it is seen as an oval group of cells 
situated in a notch in the pars anterior of the lateral nucleus. From its ventral 
medial end a band of fibers extends medially between the parataenial and anterior 
nuclei. It is the anterior accessory nucleus of Vogt (1909), Friedemann (1911) 
and Pines (1927). 


MEDIAL GROUP OF NUCLEI 


Nucleus Medialis (figs. 6 to 13, n. med.).—This nucleus is one of the large and 
characteristic groups in the thalamus. It begins anteriorly, dorsal to the caudal 
end of the anterior nucleus. Traced caudally it enlarges rapidly and replaces the 
anterior nuclei. Here it becomes a large, easily recognizable mass of cells, oval or 
round in transverse section, which extends caudally to the level at which the main 
bundle of the habenulopeduncular tract emerges from the habenular nuclei. At this 
level it is replaced by the parafascicular nucleus. For almost its entire extent the 
medial nucleus is connected with its fellow across the midline except at the 
anterior end where the two parts are separated by the nucleus rhomboidalis for a 
short distance. Ventrally and laterally in its entire oral extent it is circumscribed 
by the paracentral and central lateral nuclei and their related fibers. Caudally this 
relation is replaced by the nucleus centrum medianum ventrally and by the lateral 
nucleus laterally. 

In its ventral lateral border the medial nucleus contains scattered groups of very 
large cells which deserve special mention. They are not found in the oral third of 
the nucleus. They border the central lateral and the paracentral nuclei, but they 
may easily be distinguished from both of these groups. In their caudal extent, in 
which the latter nuclei disappear, the large cells take a position suggestive of 
the central lateral nucleus, and it is possible that here at the level of the nucleus 
centrum medianum they may represent a residue of the central lateral nucleus. 
Other authors (Gurdjian, Clark, Rioch and others) have called this the medial 
dorsal nucleus or dorsomedial nucleus. 


Nucleus Paraventricularis Anterior (figs. 4 to 10, . par. a.).—This nucleus 
begins at the extreme oral end of the thalamus along the midline, being a condensa- 
tion of small cells close to the ventricular wall between the parataenial nuclei. 
For its entire extent it follows the dorsal ventricular border of the thalamus along 
the midline, and is continuous with the posterior paraventricular nucleus over the 
commissural mass formed by the medial nuclei. At the oral level of the habenular 
nuclei, the anterior paraventricular nucleus is replaced by the somewhat broader 
posterior paraventricular nucleus. 

Nucleus Paraveniricularis Posterior (figs. 11 and 12, n. par. p.)—This nucleus 
continues caudally to the oral level of the parafascicular nucleus, where it is 
closely related to the nucleus lentiformis thalami. 


Nucleus Parataenialis (figs. 4 to 8, n. pa.) —This nucleus begins as a narrow 
vertical band in the extreme anterior part of the thalamus. Here its ventral end 
comes into relation with the nucleus reuniens pars anterior (fig. 4). Its dorsal 
end curves caudally along the medullary stria, and dorsal to the fusion of the 
anterior nuclei the parataenial nuclei also fuse to form a V-shaped union (fig. 5). 
Here the two limbs are separated by the anterior paraventricular nuclei. More 
caudally the nuclei again separate and, following ventral to the medullary stria, 


| 


30 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


end at the anterior level of the interventral nucleus. Vogt (1909), Friedemann 
(1911), Pines (1927) and Clark (1930) recognized this nucleus in primates. 

Nucleus Rhomboidalis (figs. 8 and 9, n. rh.).—This is a distinct diamond-shaped 
nucleus between the ventral medial borders of the oral halves of the medial nuclei. 
In this position it is just dorsal to the central medial, paracentral and interventral 
nuclei. At one point in its oral part it extends dorsally along the midline between 
the medial nuclei to meet the anterior paraventricular nucleus. Its small cells are 
compactly grouped and stain darkly. 

Nucleus Centralis Medialis (figs. 6 to 8, n. cen. m.).—This is a small, ill- 
defined column of cells extending along the midline between the paracentral nuclei 
in the anterior third of their extent. Dorsal to it is the oral end of the rhomboid 
nucleus which extends much farther caudally. 

Nucleus Paracentralis (figs. 6 to 10, n. pc.).—This is a lamellar nucleus which 
occurs in the internal medullary lamina oral to the nucleus centrum medianum. It 
surrounds the ventral lateral surface of the medial nucleus extending to its oral 
end. It consists of deeply staining cells of medium size. Along the midline the 
two paracentral nuclei are united by an ill-defined central medial nucleus, dorsal to 
which is the rhomboid nucleus. The dorsal lateral border of the paracentral 
nucleus is for the most part continuous with the central lateral nucleus. 

Nucleus Centralis Lateralis (figs. 7 to 9, n. cent. 1.) —This nucleus appears 
lateral and dorsal to the oral extremity of the medial nucleus as a small group of 
cells surrounded by the medial, parataenial, anterodorsal and anteroventral nuclei 
and the pars anterior of the lateral nucleus (fig. 7). Traced caudally it shifts to a 
more lateral position, where it comes into relation with the paracentral nucleus. It 
can be distinguished from the latter nucleus by its slightly larger cells and more 
dorsal position. 

Nucleus Reuniens Anterior (figs. 4 to 7, n. r. a.).—This nucleus begins at the 
oral end of the thalamus as a mass of cells ventral to the extreme oral and ventral 
end of the parataenial nucleus, with which it appears to be in direct continuity. It 
lies close to the midline and with its fellow intervenes between the medial ends of 
the two reticular nuclei. To a certain extent it coalesces with its fellow across the 
midline. Traced caudally it passes ventral to the median fusion of the anterior 
nuclei, and assumes a position just dorsal to the third ventricle. Farther caudad it 
lies between the two submedial and ventral medial nuclei, to both of which it 
appears to be closely related. The cells of this nucleus are of medium size, and 
are scattered among the fibers of the ansa peduncularis, which describe an archlike 
course through the nucleus. The more dorsally situated cells are somewhat larger 
than the cells in the ventral part. 

This nucleus corresponds to the anterior part of the nucleus reuniens of 
Winkler and Potter (1914, plates VIII and IX), to the anterior part of nucleus 
reuniens of Rioch (1929, figs. 1 and 2) and to the group shown by Clark (1930, 
fig. 4, re, and fig. 6, x). Papez (1932) has described it as nucleus submedius in 
the armadillo. D’Hollander (1913) has named it Je noyau paramédial. 

Nucleus Reuniens Posterior (figs. 7 to 10, n. r. p.).—This nucleus begins as a 
condensation of small cells near the caudal end of the nucleus reuniens anterior and 
just ventral to it. It lies close to the dorsal border of the third ventricle. It 
extends caudally beneath the interventral nucleus and ends at the oral level of the 
nucleus centrum medianum. The nucleus is a small column of cells, for the most 
of its extent distinct from its fellow, but for a short distance there is a definite 
fusion of the two nuclei (fig. 8), and the centrally placed cells take a deeper stain 
The nucleus is indistinct in comparison with the same structure in lower mammals. 
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This nucleus corresponds to the posterior part of the reuniens of Rioch (1929, 
figs. 3 to 7), to the nucleus reuniens in Tarsius as shown in a figure by Clark 
(1930, fig. 5, re), to the posterior part of Gurdjian’s (1927) nucleus reuniens and 
to the nucleus reuniens in the armadillo (Papez, 1932). A corresponding group 


of cells is present in Lemur catta, shown in a figure but not labeled by Pines 
(1927). 
VENTRAL GROUP OF NUCLEI 

The ventral nucleus is by far the largest nuclear complex in the 
thalamus. Although numerous subdivisions are possible its appearance 
in Pithecus rhesus shows it to be a unitary cellular mass which can be 
clearly delimited as a whole from adjacent groups. Students of human 
neurology usually label this entire area nucleus lateralis, which is satis- 
factory, but comparative anatomists have called it ventral nucleus, and 
to make the necessary comparison of its various parts we find it con- 
venient to use the latter term. 

We have divided the ventral nucleus into various parts on the basis 
of cell structure and configurations and have attempted to conform as far 
as possible to the recent descriptions in other mammals. In this con- 
nection we found it inconsistent to consider the pars anterior as belong- 
ing to the lateral nucleus, designated lateralis b by von Monakow (1895). 
Stained sections show that the cells of the pars anterior are similar in 
all respects to the more caudally lying parts of the ventral nucleus and 
not to the dorsally situated lateral nucleus. If the pars anterior were 
to be considered a part of the lateral nucleus the separation between it 
and the rest of the ventral nucleus would be an arbitrary matter based 
on rather slight structural differences which would hardly justify it as 
belonging to a separate nucleus. For similar reasons we have included 
the pars submedia as a part of the general ventral nucleus. 

The various parts of the ventral nucleus readily conform to the sub- 
divisions introduced by Rioch (1929) with the exception of our pars 
ventralis which he represented in his figures, but apparently included 
with the pars externa. 

The ventral nucleus shows a large increase in Pithecus rhesus. The 
development has been largely in the pars lateralis and somewhat in the 
pars anterior. According to Ranson and Ingram (1932), the medial 
lemniscus ends mainly in the pars lateralis of this nucleus. This tract 
is greatly enlarged in Pithecus rhesus, and the large size of the ventral 
nucleus may be attributed to this fact. 


Nucleus Ventralis Pars Anterior (figs. 4 to 7, n. v. a.).—This mass forms the 
most oral portion of the ventral nucleus and corresponds to an area which many 
authors (Vogt, Friedemann, Malone, Neiding, Papez and others) consider part of 
the lateral nucleus (uc. lateralis b of von Monakow [1895]). The nucleus begins 
at the extreme oral end of the thalamus, where it is situated between the internal 
and external medullary laminae and is surrounded on its oral and ventrolateral 
surfaces by the nucleus reticularis. Extending caudally it is replaced by the pars 
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lateralis of the ventral nucleus. Its characteristic cell arrangement is due to 
clusters of large cells widely separated by fiber bundles. 

This nucleus appears to correspond to the anterior part of the lateral nucleus 
as shown in figures by Villiger (1931, figs. 227, 229 and 230) and by Marburg 
(1910, plate XVII, nl). It also corresponds largely to the areas 1b JI], 1b IV and 
the oral parts of vt/ and vtm of Vogt (1909), Friedemann (1911) and Pines (1927). 
Its present name was used by Rioch (1929) and Ingram, Hannett and Ranson 
(1932). Gurdjian (1927) included this area in his ventral nucleus. Winkler and 
Potter (1914) called it nucleus ventralis a. 

Nucleus Ventralis, Pars Lateralis (figs. 7 to 13, n. v. 1.).—This is an extensive 
cell group which, together with the pars ventralis, replaces the pars anterior of the 
ventral nucleus. Ventrally it is related to the pars ventralis and more medially to 
the pars submedia. Medially it is bordered by almost the entire extent of the 
paracental nucleus. Caudal to the paracentral nucleus it is bordered medially by 
the pars arcuata of the ventral nucleus. Its entire convex lateral surface is 
bounded by the external medullary lamina and the reticular nucleus. Its dorsal 
medial surface is covered by the pars anterior of the lateral nucleus, but a thin 
band of fibers separates them in their oral extent. At the oral end of the nucleus 
centrum medianum this separation begins to disappear and at the same time the 
lateral nucleus (figs. 11 and 12, .1.7., n.l.p.) expands greatly and gradually replaces 
the dorsal part of the pars lateralis of the ventral nucleus. 

At the level of the parafascicular nucleus (fig. 13) the pars lateralis forms a 
narrow crescent embracing the pars arcuata in its medial concavity. Here its 
dorsal border lies in close relation to the pulvinar 2 and 3. The caudal end of the 
nucleus comes to lie between the pulvinar dorsally and the suprageniculate nucleus 
and medial geniculate nucleus ventrally. Here it rapidly diminishes and dis- 
appears. 

In the large oral portion of the pars lateralis the cells are fairly large and are 
distributed widely between the fiber bundles. In the crescentic caudal portion of 
the pars lateralis the large cells appear chiefly in its dorsal lateral part, extending 
diagonally medially into the lateral part of the pars arcuata, while the cells in the 
ventromedial part and caudal end of the pars lateralis are generally smaller. 

The oral portion of the pars lateralis corresponds to the various areas of Vogt 
(1909), Friedemann (1911) and Pines (1927) labeled Lb IJ], Lb IV, vtl and vtm. 
The caudal part of the pars lateralis corresponds to their area labeled va. The 
pars lateralis corresponds to the nucleus ventralis anterolateralis in Tupaia minor 
as shown in a figure by Clark (1929, fig. 4, N.V. al.), although it appears that he 
included the pars arcuata in this cell group. 

Nucleus Ventralis, Pars Arcuata (figs. 10 to 13, n. v. arc. m. and n. v. arc. p.). 
—This nucleus can be readily recognized in Weigert preparations as a clear seg- 
ment in the caudal part of the thalamus between the centrum medianum and the 
pars lateralis of the ventral nucleus. It is closely related to the latter. Its 
cephalocaudal extent is almost exactly the same as that of the nucleus centrum 
medianum. Its position is ventral to the centrum medianum except at the caudal 
end where the pars posterior of the lateral nucleus partly intervenes between them. 

The cells of the pars arcuata are of two sizes. Those in the lateral part (n. v. 
arc. m.) are of larger size, corresponding to the area labeled Vb by Friedemann 
and Pines. This cell type extends laterally in a diagonal direction into the large 
cell part of the pars lateralis. The cells in the medial part (. v. arc. p.) are of 
smaller size. This part corresponds to the area labeled Vb; by Friedemann and 
Pines. These cells likewise extend laterally into the small cell part of the pars 
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lateralis. In view of the fact that the pars arcuata and the pars lateralis project 
on the cortex as well as on the striatum, the divisions of these two nuclei into large 
and small cell parts seems to be significant. 


Nucleus Ventralis, Pars Ventralis (figs. 7 to 10, n. v. v.)—This nucleus begins 
orally as a caudal continuation of the pars anterior at the same level as the pars 
lateralis, lying just ventral to the latter. Medially it is bounded by the pars sub- 
media and the pars medialis. Traced caudally it shifts to a more medial position 
and comes to lie ventral to the pars arcuata and nucleus centrum medianum. Here 
it is separated from its fellow of the other side by the nucleus interventralis. 
Caudally it is replaced by the large medial prolongation of the nucleus centrum 
medianum beneath the oral third of which it lies. The cells are deep-staining and 
of medium size, and in the oral part are more compact than in the adjoining pars 
lateralis, but more caudally this compact arrangement gradually diminishes, and 
the cells become smaller and more lightly stained. 

The pars ventralis corresponds to the nucleus labeled p (pars parvocellularis 
of the caudal part of the ventral nucleus) by Vogt (1909), Fridemann (1911) 
and Pines (1927), and to the medial part of the area labeled nucleus ventralis pars 
externa by Rioch (1929, fig. 8). 

Nucleus Ventralis Pars Submedia (figs. 6 to 8, n. v. s.)—This mass constitutes 
the medial dorsal part of the ventral nucleus. It begins orally at the oral level of the 
paracentral nucleus and is situated just ventral to it. Caudally it is replaced by 
the partes medialis and ventralis of the ventral nucleus. Thus the nucleus is situ- 
ated chiefly in the oral half of the thalamus extending caudally for about half the 
extent of the paracentral nucleus. Ventral to it is the pars medialis. Medially it 
is bounded by both parts of the nucleus reuniens, and more caudally by the 
interventral nucleus. Laterally it is bounded largely by the pars lateralis. This 
nucleus corresponds to the nucleus submedius of Vogt (1909), Friedemann (1911), 
Pines (1927), Rioch (1929) and Ingram, Hannett and Ranson (1932), to the 
medioventral nucleus of Gurdjian (1927), to the dorsal part of the ventromedial 
nucleus of d’Hollander (1913) and to the nucleus ventralis anteromedialis of 
Clark (1930, figs. 5 to 7). In Weigert preparations it appears to be a characteristic 
clear or light wing-shaped area which can be readily recognized. The cells are 
large and stain deeply. At the oral extremity it is pierced by the mamillothalamic 
tract. 

Nucleus Ventralis, Pars Medialis (figs. 6 to 9, n. v. m.).—This is an ill-defined 
medial extension of the ventral nucleus situated ventral to the pars submedia, but 
extending caudally beyond the pars submedia which it replaces. It ends at the 
oral level of the nucleus centrum medianum where it is replaced by the pars ven- 
tralis. The cells are somewhat smaller and more lightly stained than those of the 
pars submedia and the pars ventralis. It corresponds to the nucleus of the same 
name in the dog (Rioch, 1929) and cat (Ingram, Hannett and Ranson, 1932). 

Nucleus Interventralis (figs. 9 and 10, n. iv.) —The nucleus is a median inde- 
finite group of lightly staining cells which in its caudal half unites the partes 
ventrales of the ventral nuclei across the midline. In its oral half it unites the pars 
medialis and also the pars submedia of the ventral nucleus across the midline. 
Commissural fibers join the partes ventrales of the ventral nucleus by passing 
through the interventral nucleus. They were feebly stained in the Weigert series. 
The more distinct and more dorsally situated commissural fibers which are seen 
farther caudally appear to connect almost wholly the nuclei centra mediana of the 
two sides. Orally the interventral nucleus is replaced by the nucleus reuniens 
anterior. 
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Nucleus Reticularis (figs. 3 to 17, n. ret.) —This nucleus forms a narrow cel- 
lular layer in the external medullary lamina which surrounds the anterior, lateral 
and part of the ventral surface of the ventral nucleus. It extends from the extreme 
oral end of the thalamus to the caudal end where it comes to lie lateral to the 
pulvinar and the lateral geniculate bodies. 


LATERAL GROUP OF NUCLEI 

This heterogeneous collection of nuclei has been grouped together 
chiefly for convenience of description and secondarily because of the 
evident functional relation of some of the nuclei. The nucleus genicu- 
latus lateralis pars ventralis and the pregeniculate nuclei actually belong 
to the subthalamus, but have been included here because of their close 
anatomic relations to the pars dorsalis of the lateral geniculate body. 

The nucleus lateralis, as it has been defined here, occupies a dorsal 
position and has been properly called the dorsal nucleus (von Kolliker, 
(1896). There is no evidence that it is undergoing any marked 
increase in size. In this connection it must be remembered that the 
part often referred to by earlier authors as lateralis > is here considered 
an integral part of the ventral nucleus, and it is the latter nucleus which 
is undergoing increase in size in mammalian evolution. 


Nucleus Geniculatus Lateralis, Pars Dorsalis (figs. 13 to 17, n. g. l. d.) —As in 
other primates this nucleus consists of several laminae of cells Separated by optic 
fibers. It may be divided into a dorsal portion or body, receiving fibers from the 
macular division of the retina and two ventrally directed limbs; the lateral or 
temporal limb receiving fibers from the ventral half of the retina, and the medial 
limb receiving fibers from the dorsal half of the retina. Between the limbs on the 
ventral side is the hilus or groove through which the fibers of the optic tract enter. 

Six laminae are recognized. The laminae in general surround the hilus in the 
form of an inverted cup, the curve of which forms the dorsal as well as the oral 
surface. There are two central laminae of large cells adjacent to the hilus and 
four outer laminae of small cells surrounding the central large cell laminae. 

The experiments of Minkowski (1919) and Clark (1932) showed that each 
lateral geniculate body is composed of two sets of laminae which are related 
alternately to the opposite eyes. One set of laminae is thus related to the termina- 
tions of the crossed retinal fibers, while the other set receives the uncrossed fibers. 
The sets are composed of three laminae, those in each set being structurally con- 
tinuous at their borders. Accordingly we have labeled the laminae of the right 
lateral geniculate body numbers / to 3, / or r, according to whether they receive 
fibers from the left eye (/ crossed) or from the right eye (r uncrossed). 

Clark (1932) discussed the evolution of the lateral geniculate bodies in reptiles 
and mammals, including a short discussion of the development of the laminations. 
Brouwer and Zeeman (1926) demonstrated the relations of retinal areas to the 
parts of the lateral geniculate body in various monkeys including Macacus rhesus. 


Nucleus Geniculatus Lateralis, Pars Veniralis (figs. 14 and 15, n. g. 1. v.). —This 
nucleus is formed by a small group of cells of medium size situated medial to the 
body of the pars dorsalis of the lateral geniculate nucleus, adjacent to its middle 
part. It is closely related to the peripeduncular nucleus on the medial side, as in 
other lower forms. It is surrounded on all sides by optic fibers which separate it 
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from the other nuclei except at its caudal end where it tends to join with the medial 
limb of the outer lamina of the pars dorsalis. 

A cortical lesion was present in the visual radiations of the left side of one of 
the monkeys studied. This caused degenerative effects in the medial part of the 
pars dorsalis of the lateral geniculate body adjacent to the pars ventralis. The 
latter part was not affected by cellular changes and could thus be easily distin- 
guished from the sixth lamina. 

The pars ventralis has been described for a large number of mammals, and its 
gradual reduction in size in the ascending mammalian scale has been noted 
(Kappers, Winkler, Woollard and others). Its presence in Tupaia minor, in 
Tarsius and in Microcebus has been demonstrated. 

It should be noted that the pars ventralis remains stationary and does not suffer 
the lateral and caudal dislocation which affects the pars dorsalis in higher primates. 
Therefore in these animals the pars ventralis is found mediodorsal to the pars 
dorsal rather than in a ventral position, as is the case in lower mammals. It 
should be further noted that its relation to the lateral border of the peripenduncular 
nucleus is constant in all mammals. Its derivation from, and essential relations to, 
the subthalamus have been pointed out by Papez (1932) and Clark (1932). 
Clark, however, considered this nucleus to be of the same structure as the pre- 
geniculate nucleus in higher primates. 

Nucleus Pregeniculatus (fig. 13, n. pre. g.)—This is a broad layer of small 
cells situated at the oral end of the pars dorsalis of the lateral geniculate nucleus. 
It is evidently an extension of the peripeduncular nucleus and is closely related to 
the oral end of the pars ventralis of the lateral geniculate nucleus. The smallness 
of the cells and its situation lead us to believe that it is a distinct cell group rather 
than a continuation of the peripheral lamina of the pars dorsalis as described by 
Clark (1930). Similar groups have been described by Vogt (1909), Friedemann 
(1911), Monakow (1914), Minkowski (1913), Woollard (1926) and Rioch 
(1929). 

Nucleus Geniculatus Medialis (figs. 15 to 17, n. g. m. and n. g. m. m.).—This 
nucleus is an elongated oval mass of cells situated medial to the lateral geniculate 
nucleus and ventral to the pulvinar. Its oral end is at the anterior level of the 
posterior commissure. Caudally it extends into the midbrain down to the level of 
the decussation of the brachium conjunctivum where it appears as a prominent 
round projection on the lateral surface of the midbrain. It is divided into a large 
lateral (principal) parvocellular part (. g. m.) and a small medially situated 
magnocellular part (. g. m. m.). The magnocellular part is closely related dorso- 
medially to the suprageniculate nucleus. This arrangement of cells corresponds 
to the condition described in the dog by Rioch (1929). The large cells described 
in the lateral surface in Tarsius by Clark (1930) are not present in Pithecus 
rhesus, but a lamina of cells corresponding to Clark’s ventral part is probably 
present, though too poorly differentiated to be identified with certainty. 

Nucleus Suprageniculatus (figs. 15 to 17, n. sg.).—This is a large distinct mass 
of large, strongly staining cells situated at the caudal end of the thalamus between 
the posterior nucleus and the pulvinar, being ventral to the latter. It lies just 
caudal to the pars lateralis of the ventral nucleus and extends as far caudally as 
the oral level of the superior colliculus. The ventrolateral border is related to the 
medial geniculate body. The dorsal medial border comes into relation with the 
nucleus of the optic tract. It corresponds to the “noyau basal” of Vogt (1909), to 
the area suprageniculata of Friedemann (1911), to the suprageniculate nucleus in 
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the dog as described by Rioch (1929) and by Clark (1930) in Tarsius and by 
Ingram, Hannett and Ranson (1932) in the cat. 


Nucleus Lateralis or Nucleus Dorsalis (figs. 6 to 15, n. a., and n. p.). 
—This nucleus may be divided into a pars anterior, a pars intermedia and a pars 
posterior. In cell structure these parts are similar and the divisions are largely 
topographic. This is von KOolliker’s (1896) nucleus dorsalis. 

The pars anterior of the lateral nucleus (». /. a.) is situated at the anterior end 
and dorsal surface of the thalamus beginning at the oral level of the medial 
nucleus. Here (fig. 6) it surrounds the caudal part of the anterodorsal nucleus. 
A distinct fiber stratum surrounds the ventral surface separating it from the ventral 
and central lateral nuclei. The cells are of medium size, evenly scattered and are 
larger than those of the medial nucleus. 

Traced caudally the fibers limiting the pars anterior of the lateral nucleus 
gradually disappear, and the nucleus expands laterally and ventrally. Here at the 
oral level of the centrum medianum (fig. 11) we have designated it as the pars 
intermedia (mn. /. i.). Medially this intermediate part is related to the medial 
nucleus and ventrally to the pars lateralis of the ventral nucleus. Caudally, at the 
oral level of the parafascicular nucleus, the pars intermedia joins the pulvinar. 

The posterior half of the pars intermedia projects ventrally and caudally 
between the ventral nucleus and the medial nucleus so that its ventral extremity 
comes to surround the lateral surface of the centrum medianum. This projection 
we have designated as the pars posterior of the lateral nucleus (figs. 11 to 15, 
n. l. p.). Farther caudad it comes to lie ventral to the pulvinar under which it 
extends for some distance to the caudal end of the centrum medianum. 

This description follows that of Rioch (1929) except that he included in the 
posterior part of the lateral nucleus the area which we regard as pulvinar 4. The 
pars anterior compares favorably with the nucleus lateralis a of Friedemann (1911), 
Clark (1930) and other authors. However, no satisfactory comparisons can be 
made with the structures labeled lateralis b by these authors. It is highly probable 
that this area is comparable to our nucleus ventralis pars anterior. 

Pulvinar Thalami (figs. 13 to 17).—This region may be divided into four parts. 
Following Clark (1930) we shall designate these as pulvinar 1, 2, 3 and 4, pro- 
ceeding from the lateral to the medial side. 

Pulvinar 1 (figs. 15 to 17 pa): This nucleus forms the most lateral and at the 
same time the most ventral segment of the pulvinar. It is related to the dorso- 
medial surface of the posterior half of the lateral geniculate body. In Weigert 
preparations it appears as a clear segment surrounded by a fibrous envelop. Very 
few fiber bundles pass through it. It extends from near the caudal end of the 
pulvinar orally to the oral level of the medial geniculate body. It is composed of 
generally small cells except in its medial part in which some large cells occur. It 
is homologous with Pd and Pd; in Vogt (1909), Friedemann (1911) and Pines 
(1927), with P: of Clark (1930), with the area labeled n. post. in the dog by Rioch 
(1929) and in the cat by Ingram, Hannett and Ranson (1932) and with the 
nucleus hint of Monakow (1895). 

Pulvinar 2 (p.2): This is situated just dorsal to pulvinar 1 and forms the 
lateral segment of the entire cephalocaudal extent of the pulvinar. It is heavily 
pervaded by fiber bundles which stream through the optic radiations surrounding the 
lateral geniculate (zona lateralis of Wernicke). Its ventral surface in its oral 
part is separated from pulvinar 1 by a definite band of fibers. The cells are small 
and scattered in rows among the fiber bundles. Some larger cells occur in the 


medial surface which joins with pulvinar 3. This part of the pulvinar is homol- 
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ogous with Pu of Vogt (1909), Friedemann (1911) and Pines (1927), with pulvinar 
2 of Clark (1930) and with the area described as pulvinar in the dog by Rioch 
(1929) and in the cat by Ingram, Hannett and Ranson (1932). 

Pulvinar 3 (ps): This is situated medial to pulvinar 2, of which it is a 
medial extension. Caudially these two parts gradually merge to form the caudal 
tip of the pulvinar. Ventrally it is in relation with the suprageniculate nucleus 
and oral to this with the ventral nucleus, pars lateralis and nucleus of the optic 
tract. At the oral end pulvinar 3 becomes differentiated from the pars posterior 
of the lateral nucleus which lies ventral to it and gradually replaces it orally (figs. 
12 and 13). However, the distinction between these two parts is arbitrary. Pulvinar 
3 is almost free from fiber bundles which is the chief characteristic of the lateral 
nucleus. It corresponds to Pb of Vogt (1909), Friedemann (1912) and Pines 
(1927), to P3 of Clark (1927) and to the pulvinar posterior in the dog (Rioch, 
1931) and in the cat (Ingram, Hannett, and Ranson, 1932). 

Pulvinar 4 (ps): This forms the medial border of pulvinar 3, from which 
it is separated for a considerable extent by a narrow vertical band of large and 
more deeply staining cells (fig. 14, p. x.). Its oral extent lies lateral to the lateral 
habenular nucleus from which it is separated by a band of fibers. Caudally it dis- 
appears at the caudal level of the posterior commissure. The cells are smaller than 
those of the other parts of the pulvinar. It corresponds to the area Pa of Vogt 
(1909), Friedemann (1912) and Pines (1927) and to pulvinar 4 of Clark (1930). 
It appears to correspond in the dog to the nucleus lateralis, pars posterior and 
portio dorsalis of Rioch (1929). The band of large cells p. +. separating pulvinar 
3 from pulvinar 4 corresponds to the Px of Friedemann (1912). 


POSTERIOR GROUP OF NUCLEI 


Nucleus Posterior Thalami (figs. 15 to 17, n. post.) —This nucleus constitutes 
the lateral portion of the cellular complex related to the posterior commissure. 
Though no sharp line of demarcation separates it from the medially adjacent 
nucleus of the posterior commissure, nevertheless the cells of the posterior nucleus 
are considerably smaller and can be readily distinguished. It is coextensive with 
the latter nucleus, being large in the caudal extremity and narrow and crescentic 
at the oral end. It corresponds to the nucleus posterioris thalami in the rat (Gurd- 
jian, 1927), opposum (Tsai, 1925) and rabbit (Potter, 1911), to the laterally 
labeled part of the nucleus commissura posterior in the dog (Rioch, 1929), to the 
nucleus posterior of Tupaia minor (Clark, 1929), to the nucleus in Tarsius described 
as pretectal by Clark (1930), to the lateral part of the nucleus of the posterior 
commissure of Ingram, Hannett and Ranson (1932), to the posterior nucleus in the 
armadillo (Papez, 1932) and to the nucleus labeled cnt in the cat (Papez, 1929). 


Nucleus of the Posterior Commissure (figs. 14 to 17, n. p. c.).—This mass is a 
configuration containing medium-sized cells widely scattered among the fibers of the 
posterior commissure as they converge toward the midline. It is situated between 
the posterior commissure and the posterior nucleus of the thalamus, ventral to the 
pretectal nucleus which forms a cap over it. The cells of this nucleus are of 
medium size, stain palely and exhibit long processes. It has been recognized by 
Tsai (1925) in the opossum and by Papez (1929) in the cat, and it corresponds to 
the medially labeled part of the nucleus of the posterior commissure of Rioch 
(1929) and Ingram, Hannett and Ranson (1932). From the literature it appears 
that in some animals this group of cells is consolidated with the posterior nucleus 
and that a distinction is not so evident. Examination of Nissl preparations from 
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the cat, rat and armadillo inclines us to conclude that the distinction between these 
nuclei can be made in these animals. 

Nucleus Pretectalis (figs. 15 to 17, n. pret.) —This nucleus occurs as a cres- 
centic cap of cells dorsal to the posterior nucleus and the nucleus of the posterior 
commissure. Its identity on the basis of the size of the cells and structure is not 
very clear in Nissl preparations. In Weigert preparations it can be identified with 
certainty. It extends from the oral end of the posterior commissure to the oral 
end of the superior colliculus. The dorsal surface is related to the optic system of 
fibers traversing the medial surface of the pulvinar. This nucleus or area has 
been identified by Tsai (1925), Papez (1929 and 1932), Rioch (1931), Chu (1932) 
and Ingram, Hannett and Ranson (1932). The nucleus pretectalis in Tarsius as 
described by Clark (1930) includes our pretectal nucleus as well as our nucleus 
posterior and nucleus of the posterior commissure, while in Microcebus Clark’s 
(1931) pretectal nucleus includes only the former two nuclei, since he distinguishes 
in this form a nucleus of the posterior commissure. 

Nucleus of the Optic Tract (figs. 14 to 16, n. 0. t.).—This is an irregular, narrow 
band of cells taking a diagonal course from the ventral lateral surface of the 
habenular body toward the medial geniculate. It is situated within the transitional 
fiber zone between the pulvinar and the dorsolateral border of the posterior nucleus. 
Caudally its lateral margin becomes closely related to the suprageniculate nucleus. 
Clark (1930) gave a detailed account of this nucleus in Tarsius and related forms. 
It corresponds to the nucleus limitans of Vogt (1909), Friedemann (1912) and 
Pines (1927), to the nucleus lenticularis mesencephali of Rioch (1929) and Papez 
(1932) and the nucleus lentiformis mesencephali of Ingram, Hannett and Ranson 
(1932). Papez (1929) included it in the nucleus described as the nucleus of the 
optic tract in the cat and sheep. 

Nucleus Olivaris of the Superior Colliculus (fig. 17, n. ol.).—This nucleus 
appears as a distinct readily recognizable oval mass in the anterior and lateral por- 
tion of the superior colliculus. This nucleus was first described in human adults, 
new-born and children by Fuse (1916), and also in Macacus rhesus. He stated 
that he had not seen it as a differentiated structure in the mole, mouse, dog and 
goat. In our specimens it is situated in the optic fibers which stream through the 
ventral part of the pulvinar into the superior colliculus. It appears unlabeled as a 
small, round, clear area in the Weigert preparations of Cercopithecus of Vogt 
(1909, fig. 2). 

Nucleus Lentiformis Thalami (fig. 13, n. 1. th.) —This nucleus is a group of 
medium-sized cells situated medial to the parafascicular nucleus. It is possibly 
homologous with the nucleus of the same name described in reptiles. 

Nucleus Parafascicularis (figs. 13 and 14, n. pf.)—This nucleus occurs as a 
fairly large quadrilateral cluster of deeply staining cells surrounding the dorsal 
portion of the habenulopeduncular tract, occupying the area just caudal to the medial 
nucleus, from which it can be readily distinguished. It is confluent with the caudal 
part of the compact medial portion of the centrum medianum which it appears to 
replace. The cells are somewhat larger and more darkly staining than those of 
the latter nucleus. Caudally it is replaced by the posterior nucleus and nucleus of 
the posterior commissure. It corresponds to the parafascicular nucleus in Cerco- 
pithecus (Friedemann, 1911) and has been described in many other forms by 
recent authors. 

Nucleus Centrum Medianum (figs. 10 to 14, . c. m.).—This nucleus is con- 
spicuous and easily recognized in Pithecus rhesus. It is clearly homologous to the 
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structure usually labeled as such in the human brain (Villiger, Dejerine, Tilney 
and Foix and Nicolesco). It begins orally at the caudal end of the paracentral 
nucleus and just ventral to it. There is no continuity between them. Ventral and 
lateral to it is the nucleus arcuatus which begins orally at the same level. Traced 
caudally it expands rapidly and reaches toward the midline where it is connected 
with its fellow of the opposite side by an extensive fibrous commissure. Dorsal 
and medial to it is the large medial nucleus. The cells are of medium size and are 
closely grouped in the medial portion, while those in the lateral part are more 
generally dispersed. There is, however, no definite line of demarcation between the 
two parts except at the caudal end and there is likewise no evident difference in 
cell structure. 

At the level of the caudal end of the medial nucleus the nucleus parafascicularis 
appears dorsal to the medial end of the nucleus centrum medianum and rapidly 
expands and fuses with the condensed medial part of the centrum medianum, so 
that it is not possible to separate the two nuclei. At this level, however, there is 
a distinct line of demarcation between the lateral part of the centrum medianum 
and the medially situated cell group (n. pf.), in which the cells are not only more 
closely grouped but are somewhat larger and take a deeper stain. On this basis 
we have assumed that the medial mass of cells at this level (fig. 13) may be 
designated as belonging wholly to the parafascicular nucleus. The lateral part 
continues caudally in lateral relation to this parafascicular nucleus, and the two are 
finally replaced by the nucleus posterior thalami. 

Vogt (1909) and Friedemann (1912) showed the centrum medianum in Cerco- 
pithecus, and Pines (1927) described it in a lemur. Although it is not possible to 
homologize this nucleus in Pithecus rhesus with the structure depicted by Clark 
(1930, fig. 7, CM) as the centré median nucleus, it appears to correspond closely 
to the large oval area just ventral to his label CV, including the area on which 
the letters CW are placed. The more medial structure which Clark designated CM 
seems to be the oral part of the parafascicular nucleus. That this is so appears 
to be clear from Clark’s (1929 and 1930) description of the structure in Tupaia 
minor and in Tarsius. In Tupaia the structure which Clark (1929) labeled para- 
central nucleus (his fig. 4, N. Pc.) corresponds to the nucleus centrum medianum 
in Pithecus rhesus as described here. Malone (1910) described the lateral portion 
of this body under the names of nucleus parvocellularis thalami (his figs. 5 to 7), 
and the medial part of the centrum medianum he included in the ventral portion of 
his nucleus reuniens thalami (his figs. 7 and 8.) 

The nucleus centrum medianum was believed to be a characteristic of primates 
until recently when Rioch (1931) showed definitely its presence in the dog, cat and 
seal. Ingram, Hannett and Ranson (1932) confirmed its presence in the cat. Von 
Monakow’s (1895) nucleus medialis > appears to be in the approximate location 
of the centrum medianum as described by these authors. Waller (1934) showed 
that the centrum medianum also corresponds to a large part of the area which 
Gurdjian (1927) designated nucleus ventralis, pars dorsomedialis, in the rat. It 
appears unlabeled in the opossum (Chu, 1932, figs. 8 and 9) as a sparsely scattered 
cellular area just medial to area labeled n. post. Papez (1932) recognized the 
structure in the armadillo, but called it the ventral part of the parafascicular 
nucleus. Its presence in these varied forms leads us to believe that the centrum 
medianum is a constant mammalian structure related primarily to the large ascend- 
ing central tegmental tract and to the extensive commissure between the two nuclei. 
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EPITHALAMUS 

Nuclei Habenulares (figs. 12 to 15, n. A. m. and n. h. l.).—The medial habenular 
nucleus consists of small, closely packed darkly staining cells in intimate relation 
medially with the ependymal lining. At its caudal end the nucleus enlarges and 
extends back some distance beyond the lateral habenular nucleus and ends ventral 
to the habenular commissure. 

The lateral habenular nucleus begins orally at the same level as the medial 
nucleus. It extends caudally and ends at the anterior level of the habenular com- 
missure. It consists of two types of cells, those of medium size widely separated 
and smaller cells condensed into a small crescentic group near the medial habenular 
nucleus. 


Nucleus Stria Medullaris (fig. 4, n. st. m.).—This nucleus is a small rounded 
mass of small cells in the oral and ventral end of the stria medullaris just lateral 
to the point at which the fornix component of the medullary stria leaves the fornix 
bundle. We have found this nucleus in the rabbit and armadillo. In Weigert 
preparations it appears as a fiber-free area interpolated in one component of the 
medullary stria. 

SUMMARY AND CONCLUSIONS 

The nuclear pattern of the dorsal thalamus of Pithecus (Macacus ) 
rhesus is highly differentiated, as might be anticipated from the general 
enlargement and relatively high differentiation of the cerebral cortex 
in this primate. It is now generally recognized that the development 
of most of the nuclei of the dorsal thalamus is intimately associated 
with the elaboration of the cerebral cortex. This is especially true of the 
ventral and lateral groups of nuclei whose areas of projection in the 
cortex become progressively amplified as the mammalian scale 1s 
ascended. Thus a great elaboration is evident in the lateral geniculate 
body, in the pulvinar and in the nucleus ventralis. 

The anterior group of nuclei does not appear different from that 
of lower forms. There does not seem to be any marked reduction of 
their size in this primate, and the anterior nucleus does not exhibit any 
marked tendency to become divided into two parts as in some lower 
mammals. 

The medial group of nuclei appears to be constituted as in lower 
mammals, and there is no internal evidence that these nuclei are under- 
going any reduction in either importance or size. In this respect they 
do not seem to be related to any elaborations which are going on in 
the cortex with the possible exception of the frontal area. This suggests 
that these nuclei are rather related to some subcortical regions which 
reached stability in the earlier stages of structural evolution. There is 
some evidence that the midline commissural nuclei are reduced, suggest- 
ing a growing unilateral functional independence of some of the thalamic 
nuclei. 

The ventral group of nuclei has evidently undergone a marked 


elaboration. This is due mainly to the growth of the pars anterior, 
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especially of the pars lateralis. Nevertheless, the various parts appear to 
correspond essentially to similar parts described in lower mammals. The 
large size of the lateral part may be due to the great increase in the 
brachium conjunctivum and the proprioceptive pathways. The pars 
submedia appears to be a part of the ventral nucleus which has some 
special connection possibly with trigeminal centers. 

The lateral group of nuclei includes a highly differentiated lateral 
geniculate pars dorsalis with typical primate lamination. The pulvinar 
is also greatly enlarged and divisible into four parts, comparable to those 
seen in some of the lower mammals such as the dog and cat. The medial 
geniculate body, though large, presents the simple cell groups seen in 
lower mammals. The lateral nucleus, though somewhat larger than in 
lower forms, does not show any marked tendency to enlargement as 
exhibited by the pars lateralis of the ventral nucleus. 

The posterior group of nuclei appears to remain phyletically station- 
ary. We have been able to identify in this region a pretectal nucleus, 
a nucleus posterior thalami, a nucleus of the optic tract, a nucleus of 
the posterior commissure and a parafascicular nucleus, all of which 
appear to be homologs of similar structures in lower forms. 

The habenular nuclei conform to the usual pattern seen in lower 
forms. 

The thalamic nuclei are represented in a series of drawings of 
seventeen transverse sections approximately 800 microns apart. 
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RELATIONSHIP OF MIGRAINE, EPILEPSY AND SOME 
OTHER NEUROPSYCHIATRIC DISORDERS 


HARRY A. PASKIND, M.D. 
CHICAGO 


As far as I can determine, Tissot * was the first to postulate a special 
relationship between migraine and epilepsy. He wrote that he 
had often seen convulsive movements of the muscles of the forehead, 
eyelids and face associated with migraine and that sometimes the con- 
vulsions involved the entire body. Observations of migraine and epilepsy 
in the same person led Parry,? Liveing,* Hare * and Feré® to believe 
that a special relationship existed between the two conditions. Féré 
supported this view by stating that he found migraine in the ascendants 
and descendants of persons with epilepsy; he also expressed the belief 
that ophthalmoplegic migraine was a sensory form of epilepsy. 
Wernicke,® Spratling,? Spiller, Flatau,® Kowaleski,™ 
Buchanan '* and Krisch?* also held that a special relationship existed 
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between migraine and epilepsy. Ely ‘'* studied 104 patients with 
migraine and 171 with epilepsy. Fifteen and two-tenths per cent of the 
epileptic patients had migraine, 8.6 per cent of the patients with migraine 
had epilepsy, and 60.8 per cent of the patients with epilepsy gave ances- 
tral histories of migraine, as compared with 17 per cent of normal per- 
sons. From these data Ely concluded that the preponderance of 
evidence indicates some definite relationship between migraine and 
epilepsy. ‘ Cobb *° found that of the relatives of a normal control group 
15 per thousand had migraine, while of the relatives of epileptic patients 
43 per thousand suffered from migraine. This author came to the 
interesting conclusion that “it is impossible to prevent the inheritance 
of epilepsy by preventing the marriage of epileptic persons or by steril- 
izing them; for the many silent carriers (patients with migraine) of the 
tendency are just as eugenically dangerous as the people who actually 
have fits.” 

This view of the existence of a special relationship between migraine 
and epilepsy has not gone unchallenged. As dissenters may be men- 
tioned Moebius,'® Kraft-Ebbing,'’ Parker,’* Lloyd,'? Strohmayer,*’ 
Turner,*! Gowers,?? Hubbell and Phillips.** In a recent article 
Stein *° stated that he found no particular relationship between migraine 
and epileptic seizures. 

It seems to me that none of the authors cited have answered the 
question as to the special relationship between migraine and epilepsy 
and that their answers are largely vitiated by the absence of controls. 


14. Ely, Frank A.: The Migraine-Epilepsy Syndrome, Arch. Neurol. & 
Psychiat. 24:943 (Nov.) 1930. 

15. Cobb, S.: Causes of Epilepsy, Arch. Neurol. & Psychiat. 27:1245 (May) 
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16. Moebius, P. J.: Die Migrane, in Nothnagel: Specielle Pathologie und 
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In order to demonstrate the existence of a special affinity between 
migraine and epilepsy it seems necessary to demonstrate: first, that there 
is a greater incidence of migraine in the families of patients with 
epilepsy than in the families of a group of normal persons used as a 
control; second, that migraine is more frequent in the families of per- 
sons with epilepsy than in the families of persons with other functional 
nervous or mental disorders (if no significant differences are found it 
will seem reasonable to believe that migraine is merely a manifestation 
of a general neuropathic trend and bears no special relation to epilepsy ) ; 
third, that persons with epilepsy are afflicted with migraine more fre- 
quently than a group of normal persons used as a control, and finally, 
that migraine is more frequent in persons with epilepsy than in persons 
with other functional nervous and mental disorders. 

With these points in mind I studied the records of 3,326 patients, 
from the private practice of Dr. Hugh T. Patrick, for whom the family 
history was recorded. There were 331 patients without a neurologic or 
psychiatric disorder (patients with rheumatism, arthritis and sinus 
disease) ; these were used as controls. Seven hundred and eighty-three 
patients had epilepsy ; 492, manic-depressive psychosis; 342, trigeminal 
neuralgia; 890, psychasthenia; °° 216, dementia praecox; 136, tic; 73, 
constitutional inferiority, and 63, a paranoid state. 

In each group the incidence of migraine in the family, in a parent 
and in the patient was determined; the results are shown in the accom- 
panying table. 


Incidence of Migraine in Persons Without Neurologic Disorders, with Epilepsy 
and with Other Neurologic Disorders 


Migraine in Migraine in Migraine in 
Number of | the Family,* a Parent, the Patient, 


Disorder Cases per Cent per Cent per Cent 
Nonneurologie group......... 331 14.4 10.2 3.3 
Epilepsy.. 783 35.2 30.8 8.4 
Manic-depressive psychosis.. ; 49? 34.0 26.4 10.0 
Trigeminal neuralgia...... ; 342 37.7 30.1 23.3 
Dementia praecox......... (awioewas 216 32.8 28.7 5.09 
‘ 136 37.3 37.3 7.6 
Constitutional inferiority.. 73 43.8 5.4 
coaves 63 23.8 22.2 4.7 


* In all known relatives of the patient. 


The results for the entire group with nonneurologic conditions are 
as follows: Migraine was found in the family in 14.4 per cent of cases. 
in a parent in 10.2 per cent and in the patient in 3.3 per cent. For the 

26. This term is used here in the sense given it by Janet and Raymond. For 
further amplification of this meaning see Paskind, H. A.: The Heredity of 
Patients with Psychasthenia: I. The Heredity Factors in 890 Cases, Arch. 
Neurol. & Psychiat. 29:1305 (June) 1933. 
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patients with epilepsy these percentages are considerably greater. 
Migraine was found in the family in 35.2 per cent of the cases, in a 
parent in 30.8 per cent and in the patient in 8.4 per cent. So far it 
appears that there may be some relation between migraine and epilepsy, 
since patients with epilepsy show a much greater incidence of familial, 
parental and personal migraine than do persons without neuropsychi- 
atric disease. 

However, when the incidence of familial, parental and personal 
migraine in patients with epilepsy is compared with that in patients with 
trigeminal neuralgia, it is found that there is an even greater association 
between migraine and trigeminal neuralgia than there is between 
migraine and epilepsy. There was a history of migraine in the family 
in 37.7 per cent of the cases of trigeminal neuralgia, in a parent in 30.1 
per cent and in the patient in 23.3 per cent ; for the persons with epilepsy 
these figures were 35.2 per cent, 30.8 per cent and 8.4 per cent, respec- 
tively. Therefore, it may already be stated that there is no special or 
specific affinity between migraine and epilepsy, since a greater relation- 
ship exists between migraine and trigeminal neuralgia. That there may 
be some connection between migraine and trigeminal neuralgia has been 
and especially by Patrick.*° 


9 


and Levy,” 
The last-mentioned author in a study of 200 cases *' of trigeminal 
neuralgia found migraine in 40, or 20 per cent. 


indicated by Putnam,*? Dana * 


Furthermore, in the rest of the disorders studied (manic-depressive 
psychoses, psychasthenia, dementia praecox, tic, constitutional inferior- 
ity and paranoid states) there was an increase in the incidence of 
parental, familial and personal migraine as compared with the non- 
neurologic group. In many instances the incidence closely approximated 
that in cases of epilepsy; in some instances it even exceeded it. Thus, 
while familial migraine was present in 35.2 per cent of the cases of 
epilepsy, it was found in 37.3 per cent of the cases of tic and in 49.3 
per cent of those of constitutional inferiority. In the cases of other 
neurologic disorders, the incidence of familial migraine greatly exceeded 
that in the nonneurologic group and in some instances was close to 
that in epilepsy: 34 per cent in manic-depressive psychosis; 32.8 per 
cent in dementia praecox ; 25.5 per cent in psychasthenia, and 23.8 per 

27. Putnam, J. J.: The Relation Between Trigeminal Neuralgias and Migraine, 
J. Nerv. & Ment. Dis. 27:129, 1900. 

28. Dana, C. L.: Natural History of Tic Douloureux, J. A. M. A. 34:1100 
(May 5) 1900. 

29. Levy, F.: Essai sur les neuralgies faciales, Paris, J. Rousset, 1906. 

30. Patrick, Hugh T.: The Symptomatology of Trifacial Neuralgia, J. A. 
M. A. 62:1519 (May 16) 1914. 

31. These 200 cases are included in the 342 cases of trigeminal neuralgia used 


in this study, 


PASKIND—MIGRAINE AND EPILEPSY 49 


cent in paranoid states. These data lend support to a view that there 
is no specific relation between migraine and epilepsy and that migraine 
is as closely, and in some instances more closely, related to other neuro- 
psychiatric disorders. 

Further evidence to bear out this view is obtained in a comparison 
of the incidence of parental migraine in the various disorders. There 
Was a greater incidence of parental migraine in tic (37.3 per cent) and 
in constitutional inferiority (43.8 per cent) than in epilepsy (30.8 per 
cent). In the other neurologic disorders there was a marked increase 
in parental migraine over the incidence in the nonneurologic group; in 
some conditions the incidence was close to that in epilepsy: 26.4 per 
cent in manic-depressive psychosis; 21.7 per cent in psychasthenia ; 28.7 
per cent in dementia praecox and 22.2 per cent in paranoid states. Here 
again evidence is adduced that migraine bears a close relationship not 
only to epilepsy but to the other neurologic disorders mentioned. 

The incidence of migraine in the patients showed a marked increase 
in all the disorders studied over that in the nonneurologic group. 
Migraine was present in 10 per cent of the patients with manic-depres- 
sive psychosis; this figure is even greater than that for epilepsy (8.4 
per cent). It was detected in 7.6 per cent of the patients with tic, an 
incidence closely approximating that for epilepsy. It was present in 
5.09 per cent of the patients with dementia praecox, in 5.4 per cent of 
those with paranoid states and in 4.6 per cent of those with psychas- 
thenia. It appears, therefore, that the relationship between migraine 
and epilepsy is not special or specific, evidences of a similar relation 
being apparent in the other disorders studied. 


SUMMARY AND CONCLUSIONS 

The prevalence of familial, parental and personal migraine among 
patients with epilepsy has been compared with the incidence among 
patients without neuropsychiatric disorders and among patients with 
manic-depressive psychosis, trigeminal neuralgia, psychasthenia, demen- 
tia praecox, tic, constitutional inferiority and paranoid states. These 
comparisons indicate that there is no special relationship between 
migraine and epilepsy and that migraine occurs as evidence of a familial 
neuropathic trend in the other neurologic conditions studied. 


DISCUSSION 

Dr. R. P. Mackay: One must commend the enthusiasm and painstaking 
care with which these figures have been assembled. A word of caution may be 
expressed, however. The diagnosis of migraine, except in classic and cleancut 
cases, is often a matter of opinion. Neurologists of the widest experience often 
differ as to the interpretation of headaches, even when the patient is present ior 
examination. It is consequently dangerous to use the histories obtained by another 
neurologist for such a statistical study without specifying the criteria that were 
used in the diagnosis. It is particularly dangerous when the figures represent 
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migraine in the family and not in the patient examined, in which case one must 
rely on the opinions and statements of a nonmedical patient regarding his more 
or less distant relatives. Such information is notoriously inaccurate, and in obtain- 
ing it the most skilled neurologist is at the mercy of often ignorant or careless 
informants. Certainly these figures indicate that other conditions show a greater 
incidence of migraine than does epilepsy. I think, however, that one should be 
careful in drawing conclusions from such a series of figures. 

Dr. Lewis J. Pottock: Those who have been familiar with Dr. Patrick’s 
practice have been impressed with his great diagnostic acumen, which I am 
happy to describe as of a character that | have never seen surpassed. Those who 
have been his assistants have, through many trying months, undergone training 
that testifies to his meticulous accuracy. It is perhaps true that in dealing with 
these figures one is on somewhat dangerous ground, but it is also true that every 
one who has studied migraine and epilepsy has encountered the same dangers and 
been torced to make the same comparisons. All that can be said, | think, is 
that during the time that Dr. Patrick’s histories were recorded the most careful 
investigation was accorded every case. He has had many years of experience 
and I am willing to accept his diagnosis. I am sure that when a history of 
migraine occurring in the family appeared in the record it meant that the descrip- 
tion of the attacks corresponded to what I should diagnose as migraine. 

Dr. PercivAL BaiLey: It is interesting that both migraine and epilepsy are 
described as due to vascular spasms occurring in the brain. It has always seemed 
to me that this is rather an inadequate explanation. It does not explain why 
merely a pain occurs in one case and an enormous discharge of energy occurs in 
the other. Probably because both of the conditions occur spasmodically it was 
suggested that there was a relationship between the two. Most of the evidence 
has been accumulated from statistical data. The conclusions of Dr. Paskind 


coincide with my opinion. 
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Despite the importance of the vestibular system for the maintenance 
of posture and equilibrium, as may be inferred from the numerous 
secondary connections of the central nuclei, relatively few observations 
have been made concerning the behavior of higher mammals, such as 
the monkey, after carefully controlled experimental lesions of the 
vestibular system have been produced. A great number of observations 
have been made on lower forms, such as the rabbit, cat and dog. A 
complete bibliography of all the experiments preceding those of the last 
few years may be found in the writings of Camis,’ Griffith,?, Maxwell * 
and Magnus.* So far as we can determine reference has been made 
in only two contributions to the effects on behavior of lesions of end- 
organs in the monkey. Beyer and Lewandowsky ° mentioned briefly the 
effects of the removal of an inner ear in one monkey, and in addition 
compared the reactions to galvanic current with those of normal mon- 
keys. Magnus "° described the effects of unilateral labyrinthectomy in 
two monkeys and also the effects of subsequent destruction of the 
second labyrinth in the same animals. 

From the Department of Neuropathology, New York State Psychiatric Insti- 
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In the light of other studies which one of us (S. E. B.*) is making 
with reference to the effects of various cerebellar, midbrain and medul- 
lary lesions in the monkey, it seems that vestibular elements often play 
an important role in the general symptomatology. In order better to 
evaluate these vestibular elements, if possible, it seemed necessary to 
study the effects of careful, anatomically controlled experimental lesions 
of various portions of the vestibular complex. As the initial step in 
this investigation we report the effects of simple peripheral lesions of 
the vestibular apparatus, that is, those confined to destruction of the 
labyrinth and to section of the eighth nerve. There is no attempt in 
our investigation to differentiate functionally or anatomically between 
the components of the vestibular end-organ. Our studies are concerned 
with the general effects and with the nystagmic reactions to rotation 
and to caloric and galvanic stimulation after total functional ablation 
of the vestibular receptors in the monkey by destruction of the inner 
ear or section of the eighth nerve. 


METHODS OF PROCEDURE 


The experiments were all performed on Macacus rhesus monkeys. The opera- 
tions consisted of: (1) the destruction of one inner ear; (2) the destruction of 
one inner ear and subsequent destruction of the other; (3) the destruction of both 
ner ears at one time; (4) the section of one eighth nerve intracranially, and 
(5) the section of both eighth nerves intracranially at one time. 

The technic used in the destruction of the inner ear consisted essentially of the 
Hinsberg operation on the labyrinth, except that no effort was made to avoid 
injury to the facial nerve. The approach to the inner ear was gained by the 
technic of radical mastoidectomy. The horizontal canal was opened widely; this 
was followed by opening the vestibule through the promontory. The vestibule 
was then curetted backward. After approximating the edges of muscles overlying 
the defect in the mastoid bone with black silk the skin was completely closed with 
Michel clips. In destroying the inner ear by this method in over thirty cases 
only one infection occurred, and this rapidly subsided. 

In the operation in which the eighth nerve was sectioned intracranially a simple 
suboccipital approach to the cerebellum was used. The bone was removed well out 
to the lateral sinus and up over the transverse sinus. After the dura was opened 
and the arachnoid opened and freed from the underlying brain the lateral lobe of 
the cerebellum was retracted upward and medially with a lighted retractor, so 
that the eighth nerve could be seen as it curled upward and outward into the 
internal auditory meatus. Care was taken to differentiate it from the peduncle 
of the flocculus, which looks much like a nerve. A small hooked knife was then 
drawn under the seventh and eighth nerves as they entered the meatus, and the 
nerves were cut. As the hook touched the seventh nerve there usually was a 
contraction of the ipsilateral facial muscles. In both operations, namely, labyrin- 
thectomy and section of the eighth nerve, the ipsilateral seventh nerve was usually 
involved. The bilateral operation in both cases consisted merely of repeating the 
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same procedure on the other side at the same operation or later. When the two 
ears were destroyed at different times, the interval allowed between the first opera- 
tion and the second was sufficient to enable a stationary stage in improvement to 
be reached. This occurred usually within two or three months after the first 
operation. The animals were observed immediately following operation, as they 
came out of the anesthesia, and at intervals for several hours afterward, then 
usually at the twenty-four and forty-eight hour stages, on the fourth and seventh 
day, and then at intervals of about a week until they were killed. 

Observations.—At the times mentioned each animal was observed for posture, 
gait, use of the limbs, deep reflexes and climbing and the presence of abnormal 
movements, such as tremors. In fact, the animal was subjected to as complete a 
neurologic examination as is possible with monkeys. Motion pictures were made 
to demonstrate the more important points. 

In general, three methods were used to study induced nystagmus, namely, the 
rotation, caloric and galvanic methods. 


Fig. 1—The monkey in position for rotation in either direction for a test of 
nystagmic reactions to rotation. 


For the rotation method a special box * was used. The animal was confined in 
this box in a horizontal posture, with the head protruding from a hole in the end 
(fig. 1). The box was centered on a swivel so that it could be rotated at will. 
The animals were rotated in either direction twenty times in twenty seconds, and 
the duration, type and amplitude of the after-nystagmus were noted. The position 
of the head could be varied easily by adjusting the angle of the box. Normal 
monkeys under the conditions outlined may show a variation, from animal to 
animal, of from ten to twenty seconds in the duration of the after-nystagmus, which 
is in the plane of rotation. For any given animal the duration of postrotatory 
nystagmus was constant, and equal in both directions of rotation, whether the time 
was near the upper or lower limits of duration of nystagmus in the monkey. 

Nystagmic reactions to temperature were obtained easily in the monkey with 
cold water, by running a small amount into the external canal with a 10 or 20 cc. 
syringe to which was fitted a large-gage blunt needle about 1% inches (3.7 cm.) 
long. The gage was about that of the needle usually used for lumbar puncture, 
no. 18. The end was filed to avoid damaging the external canal. Five cubic centi- 
meters of water at 40 F. was sufficient to produce a good reaction in a normal 
monkey. A nystagmic reaction could be obtained with a slightly smaller quantity, 
but 5 cc. produced a lively and constant reaction. The nystagmus obtained was 
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horizontal-rotatory. With the monkey prone, with the chin down, the direction 
of the induced nystagmus was toward the ipsilateral ear. This was reversed when 
the chin was elevated. The type, however, remained the same. 

Nystagmic reactions to galvanism were obtained with a standard clinical testing 
battery. Observations were made of the number of milliamperes of current required 
to produce a nystagmic reaction when the two electrodes were placed in the ears, 
and when one electrode was placed on the back and the other in either one of the 
ears. The polarity of the electrode in the ear could be varied at will by the 
simple pole changer in the apparatus. In general, the findings in the normal 
animal showed considerable variation in the number of milliamperes required for 
induction of the nystagmus. These variations occurred not only from animal to 
animal, but even in the same animal when tested at different times. In general, 
however, the normal monkey gave good nystagmus at about 5 milliamperes with 
the electrodes in the two ears, and at a slightly lower value with the electrodes 
on the ear and back. The reactions from both sides were usually equal. The 
nystagmus was horizontal-rotatory. Its direction was toward the side of the 
negative electrode in ear-to-ear testing. It was away from the side of the positive 
electrode when the positive electrode was placed in the ear and the negative 
electrode on the back, and toward the negative electrode when the polarity was 
reversed. 

RESULTS 

In order to present the characteristic picture following each of the 
operations performed, one typical protocol for each operation will be 
reported. 

A. Removal of One Ear.—TYen monkeys were used for the type of 
experiment illustrated by the following protocol. 


Protroco, 1 (monkey L. E. 1).—Operation—On June 7, 1932, with the usual 
technic, the left inner ear was destroyed under ether anesthesia. When the animal 
was being lifted from the operating table, while still under anesthesia, there was 
a slight rotation of the occiput toward the left shoulder with a spontaneous nystag- 
mus toward the right which did not vary with the position of the head. The left 
limbs felt more flaccid than the right. When awaking from the anesthesia, the 
animal showed marked jerky movements from side to side associated with jerkiness 
in the head and a tendency to le predominantly on the left side. When the animal 
attempted to sit up it suddenly fell sharply toward the left, although at times, by 
what appeared to be an overcompensatory movement, it fell sharply toward the 
right. Although practically recovered from the anesthesia the animal still lay 
mainly on the left side with the left limbs drawn up under the body, the chin 
pointed sharply to the right, the occiput rotated toward the left shoulder and _ the 
right limbs extended, the degree of extension being greater in the forelimb. The 
same posture was present when the animal was hung by the tail. If the animal 
was placed on the right side it rolled sharply toward the left side, on which it 
ultimately came to lie quietly. 

Three hours after the operation, with the animal well out of the anesthesia, 
essentially the same condition was present. The animal preferred either to lie on 
the left side or to sit in the cage supporting itself close to the wall of the cage 
with its left side. If it attempted to move across the cage it would perhaps show 


a sudden swaying movement with severe banging of the head, particularly on the 


left side. Marked spontaneous nystagmus to the right was present, independent 
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of the position of the head. So far as could be seen there was no deviation of 
the axis of the eyes. The pupils reacted to light. There was paralysis of the 
peripheral seventh nerve on the left. Otherwise the cranial nerves appeared normal. 

Posture —The posture may best be described from three points of view: with 
the animal sitting in the cage, with the animal on all fours on the ground in the 
resting position and with the animal hanging by the tail. The monkey sat in the 
cage with the left side of the body closely hugging the corner. The occiput was 
sharply rotated toward the left shoulder and there was some rotation of the chin 
toward the right. On the floor the animal preferred to lie on the left side, with 
flexion of the left limbs under the body and extension of the right (fig. 2A). The 
forelimb was extended to a greater degree. The head was sharply twisted with 
the chin to the right, and the left side of the face was turned downward to the 
floor. When hanging by the tail, the animal again showed rather strong flexion 


ete 
Fig. 2—aA, the typical posture in the acute stage following destruction of the 


left labyrinth or section of the left eighth nerve, with extension of the right limbs, 
rotation of the head with the side of the lesion down and flexion of the left limbs 
under the body. B&, the typical posture of the head three months after destruction 
of the left labyrinth. There is still slight flexion of the occiput toward the side 
of the lesion. 


of the left limbs, extension of the right, rotation of the occiput to the left shoulder 
and a twist of the chin toward the right. 

Locomotion.—In starting to move the animal swayed from side to side, occa- 
sionally showing a sharp falling movement toward the left. In walking it showed 
abduction of the left limbs and a tendency to fall and deviate toward the left. The 
head was rotated with the occiput to the left, and the chin was twisted slightly to 
the right. Climbing was performed fairly well, although the animal seemed to 
show some uncertainty in the movement of the left limbs, and showed a definite 
spiraling toward the left while climbing a straight bar. In jumping, which the 
animal did strongly at this stage, there was a marked spiral deviation toward the 
left. In attempting to jump forward into the cage the animal usually deviated 
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toward the left as much as 2 or 3 feet (60 to 90 cm.) in a 5 foot (152 cm.) jump, 
and when it was in the air it showed a torsion of the trunk and head around the 
long axis of the body toward the left; that is, the left side of the body was under- 
neath while in the air. In jumping the animal often struck the floor sharply on 
the left side of the trunk and head. 

Reflexes and Tone.—In the sitting position, with the head straight, the left 
limbs showed a definite though moderate diminution in tone as compared with 
the right. The knee jerk in the sitting posture was definitely less active on the 
left than on the right. The grip was well retained in all four limbs. The special 
reflexes observed included the righting reflex, the falling-extension reflex, the labyrin- 
thine position reflex on the head with the body held in the air, and the tonic neck 
reflexes on the limbs. When lying on the floor the animal righted itself much 
more quickly from the right side than from the left, although it could do so on 
either side. If dropped back downward it attempted to right itself, but usually 
landed heavily on the left side. If dropped head first by the tail, with eyes blind- 
folded, both forelimbs were extended. With the animal in the right lateral position 
in the air, there was torsion of the chin downward toward the normal posture. 
With the animal in the left lateral position in the air the labyrinthine reflex 
appeared lost, the chin remaining horizontal. In the supine posture straightening 
of the head tended to equalize postures in the limbs (tonic neck reflex). 

Special Movements.—In the three hour stage the animal never showed definite 
ataxia in any of the limbs, intention tremor or tremor at rest. There was at times 
a fine lateral shaking of the head, which was synchronous with the nystagmus. 

Observations on Nystagmus.—Spontaneous nystagmus at the three hour stage 
was still active toward the right. The induced nystagmus was not studied until 
the twenty-four hour stage, when the spontaneous nystagmus disappeared. 

June 8: Twenty-four hours after operation the animal still showed considerable 
lack of steadiness in its general behavior, although the sharp, forced movements of 
the three hour stage and the asymmetry in the limbs and head were no longer so 
marked. The animal still preferred to stand with the left side of the body against 
the wall of the cage, firmly gripping the wire with both hands. It still showed 
slight rotation of the occiput toward the left shoulder. The spontaneous nystagmus 
now occurred only occasionally, on being excited, and was inconstant. When the 
animal walked it still showed abduction of the left limbs and a tendency to deviate 
toward the left: with fast movements it tended to fall occasionally toward the left. 
In climbing it still deviated toward the left and spiraled around toward the leit 
when climbing a straight bar. It could not walk upright across a swaying bar 
as the normal monkey can, but fell sharply to the left. The deep reflexes still 
appeared to be definitely diminished on the left, and with the head held in the 
straight position the muscle tone appeared slightly diminished on the left. In 
jumping the animal still showed the marked tendency to deviate toward the left, 
to spiral toward the left and to show rotation of the trunk and head around the 
long axis toward the left. 

Induced Nystagmus: In the rotation testing on turning to the right there was 
an average duration of postrotatory nystagmus of about seven seconds; on turning 
to the left, an average duration of fourteen seconds. The nystagmus was of the 
horizontal type; the direction was opposite to that of rotation; the amplitude was 
medium and was the same following right and left rotation. In the caloric test 
active responses of normal type in chin down and chin up positions were obtained 
with from 2 to 3 cc. of water in the right ear. There was possibly an increased 
irritability on this side. No response was obtained from the left. In the galvanic 


test a normal type of response was obtained at and above 7 or 8 milliamperes, with 
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the electrodes in both ears. With the positive electrode in the left ear and the 
negative on the back, no response was obtained. With the positive electrode on 
the back and the negative in the left ear, a good response was obtained at about 10 
milliamperes. There was a normal type of response from ear to back and from 
back to ear on the right. 

June 14: During the past six days the animal had improved considerably. The 
spontaneous nystagmus stopped within twenty-four hours after the operation. There 
was no longer any oscillating of the head. The animal, if placed on the floor, no 
longer showed any of the flexion of the ipsilateral limbs and extension of the con- 
tralateral limbs which it showed in the acute stage. When hanging by the tail, 
however, there was still relative flexion of the left limbs. The initial rather 
severe twist of the head had given way to a slight twist of the chin to the right. 
The difference in muscle tone was difficult to elicit. The deep reflexes still showed 
a slight diminution on the left as compared with the right. The most marked 
disability in the animal seemed to be in movements requiring either jumping or 
sharp changes of the plane of the body in space, particularly of the head. For 
example, on climbing quickly over the edge of the cage or suddenly turning a 
corner, the animal showed a sharp falling toward the left. In jumping it still 
deviated to the left and missed the mark by a considerable margin. 

\t this time the animal was placed in a tank of water. In swimming on the 
surface with the eyes above water it rotated the trunk around its long axis toward 
the left, appearing to swim on the left side. If the head was put under water the 
animal thrashed about and spiraled around toward the left; if it was not saved 
by an attendant it would probably have drowned, as it did not seem to be able to 
orient itself and rarely came to the surface. The postrotatory extent of nystagmus 
at this time showed less difference between the two sides than in the twenty-four 
hour test. 

June 21: Two weeks after operation the animal ran about well, still showing, 
however, occasional deviations to the left and slight stumbling toward the left. On 
quick changing of the plane of the head in space, as in climbing around the edge 
of the cage or in shaking the head, it still showed sharp falling toward the left. 
Muscle tone and deep reflexes appeared equal on the two sides. Postrotatory 
nystagmic reactions were equal on the two sides and from thirteen to fourteen 
seconds in duration. The other nystagmic reactions were as reported at the 
twenty-four hour stage. One was still impressed by the remaining tendency in 
jumping to deviate toward the injured side and by the disability in swimming. 
These were still just as marked as in the earlier tests. It was more difficult to 
elicit a fall in the jumps because, as a result of several bad falls, the animal avoided 
this act. There was still a slight rotation of the occiput toward the left shoulder 
with a slight twist of the chin to the right. 

July 7: One month after operation the remaining features in the animal were 
the slight postural defect, with rotation of the occiput to the left and torsion of the 
chin to the right, the slight deviation to the left on jumping, the lack of control in 
the water and, finally, the noticeable instability of the animal on making sharp turns 
with the head. The labyrinthine position reflex of the head with the animal in the 
leit lateral position in the air was still absent. Otherwise the reflexes were normal 
and the animal got about well. Rotation tests showed equality at about thirteen 
seconds in both directions of rotation. Caloric tests still gave good responses 1n 
the right ear and none in the left. Galvanic tests gave results as stated for the 
acute stage. 

September 7: During the past month the animal had shown no change in 


general condition. The only features which it presented were slight rotation of 
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the occiput toward the left shoulder, especially when in the sitting position (fig. 2B), 
and slight torsion of the chin to the right; deviation and spiraling to the left on 
jumping, with a tendency to land heavily, especially on the left side, and inability 
of the animal to orient itself under water. If dropped from a height of 8 feet (243 
cm.) the monkey struggled to right itself but rotated too far to the left around the 
longitudinal axis. The animal could not walk across a thin swinging horizontal 
bar. The duration of postrotatory nystagmus was about equal, at thirteen seconds, 
in both directions of rotation. Galvanic and caloric responses were the same as 
at the earlier date. 

Autopsy—The mastoid cells, middle ear, horizontal canal and major portion of 
the base of the petrous portion of the temporal bone had been destroyed. The 
removal did not extend as far as the internal auditory meatus. The brain was 
fixed in Muller’s solution ® and studied in serial sections with the Weigert technic. 
The eighth nerve showed no evidence of degeneration on either side. The cere- 
bellum showed no evidence of damage. This fact, even though the end-organ had 
undoubtedly been completely destroyed functionally, may be explained by the cir- 
cumstance that the vestibular ganglion lying in the internal auditory meatus had 
not been directly involved in the destruction of the ear. 


The protocol just presented gives the chief observations following 
the destruction of one vestibular end-organ in the monkey. There is 
a ditterence in the degree to which the individual symptoms manifest 
themselves, however, from monkey to monkey. The chief variations 
from animal to animal seem to be the variable degrees of rotation of 
the occiput and the extension of the contralateral limbs with flexion 
of the ipsilateral limbs. Likewise, there 1s a difference in the duration 
of time of the nystagmus from animal to aninal. 

Bb. Removal of Both Inner Ears in Two Stages ——Four monkeys 


were used in this series. 


Protroco, 2.—First Operation—On June 10, 1932, with the usual technic, the 
left inner ear was destroyed under ether anesthesia. To avoid repetition we state 
merely that the animal showed the same general type of symptoms as those fol- 
lowing destruction of one ear in protocol 1. In the acute stage it showed: rotation 
of the occiput toward the left shoulder; torsion of the chin to the right; hypotonia 
in the left limbs; left lateropulsion; abduction of the left limbs on walking; devia- 
tion and spiraling of the trunk to the left on jumping; spiraling of the trunk to 
the left and general disorientation in swimming; slight hyporeflexia on the left; 
shortening of the postrotatory duration of nystagmus on right turning; loss of 
caloric reaction on the left side with probable increased irritability of the right 
labyrinth, and absence of the head position reflex with the body on the left side in 
the air. The animal improved steadily, as shown in protocol 1, and in the chronic 
stage two months after operation showed only slight instability on the left, espe- 
cially on fast movements, very slight rotation of the occiput to the left, slightly 
heavier landing on the left in long jumps, spiraling to the left, disorientation in the 
water and approximate equalization of the postrotatory duration of nystagmus to 
both right and left, which is usually somewhat shorter than that found in the 
normal monkey. 


9. A 2 per cent aqueous solution of potassium bichromate and 1 per cent sodium 


sulphate. 
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Second Operation—On August 10, with the same technic, the right inner ear 
was destroyed under ether anesthesia. 

Immediately after operation, with the animal still under anesthesia, a slight 
spontaneous nystagmus upward was observed; as the animal came out of the anes- 
thesia there were a slight twist of the chin to the left, with rotation of the occiput 
toward the right shoulder, flexion of the right limbs and extension of the left limbs. 
The animal preferred to lie on the right side. As it came out of the anesthesia it 
showed marked swaying movements and generalized instability. 

Three hours after operation, with the animal well out of the anesthesia, the 
following picture was seen: 

Posture —When sitting upright in the cage the animal preferred to sit with the 
right side of the body against the cage, firmly gripping with its hands. It swayed 
violently and seemed to prefer lying on the bottom of the cage more than sitting up. 
The occiput was slightly rotated to the right shoulder, and there was slight rotation 
of the chin toward the left, but not to the degree seen in the animals with one ear 
destroyed. On the floor the animal lay predominantly on the right side, with 
slight occasional extension of the left limbs and flexion of the right. This was not 
so marked, however, as in the animal in protocol 1. In walking the animal showed 
a wide gait, with perhaps more abduction of the right limbs, although all four 
limbs were generally abducted. When hanging by the tail there were slight relative 
flexion of the right limbs and extension of the left, slight rotation of the occiput 
toward the right shoulder and a twist of the chin toward the left. 

Locomotion.—The animal preferred to lie on the abdomen. The head occasion- 
ally showed slight shaky movements from side to side. In starting to move there 
was marked swaying. In walking the animal had a wide base and a tendency to 
walk very slowly. It seemed to prefer merely to slide the feet along rather than 
to litt them high from the ground. This type of progression was in contrast to 
that of the monkey whose cerebellum has been damaged, in which the feet are 
lifted dysmetrically off the ground. Occasional falling occurred, more often toward 
the right. The animal climbed better than it walked on the ground, but occasionally 
missed, more markedly with the right limbs. When the animal jumped it either 
turned over backward or deviated, as was more often the case, to the right. 

Reflexes and Tone.—lIn a sitting position little difference in muscle tone was 
demonstrable. The knee jerk appeared slightly diminished on the right as com- 
pared with the left. There was a good grip in all four limbs. The animal righted 
itself from both sides, more quickly, however, from the left. The falling extension 
reflex occurred with the eyes open. There were no tonic neck reflexes on the 
limbs. If dropped back downward with the eyes open, the animal made feeble 
attempts to right itself, but usually landed heavily on the back. If the animal was 
held up in the left and right lateral positions with the eyes open, the loss of the 
labyrinthine head position reflex was noticeable. 

Special Movements—Aside from the occasional shaking of the head and trunk 
and aside from the occasional gross missing with the limbs the animal showed no 
definite ataxia, no intention tremor, no tremor at rest and no rolling movements. 

Observations on Nystagmus.—Occasional vertical upward nystagmoid move- 
ments were observed. 

August 11: Twenty-four hours after operation the most marked feature was 
the unsteadiness in the animal’s general behavior. The twist of the head and the 
asymmetry in the limbs had disappeared. In posture the animal showed nothing 


unusual except that when hung by the tail it maintained the forelimbs extended 
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and the hindlimbs strongly flexed and made violent but ineffective and poorly 
coordinated movements with the limbs in an attempt to free itself. 

The gait was characteristic. The trunk tended to be held rigid, and the head 
with reference to the trunk likewise tended to be held rigid. The limbs were held 
markedly abducted; the animal walked slowly and kept the feet and the abdomen 
close to the ground, giving the impression of half sliding along. It jumped infre- 
quently, and when it did, usually missed, either by overjumping or by deviating to 
one or the other side, more often to the right of its objective. It climbed much 
better than it walked or jumped and seemed to prefer having the hands in contact 
with something for support. If the animal shook its head a violent instability 
developed, and it would fall sharply to one side or the other. It could not walk 
upright on all fours across a bar. The deep reflexes appeared to be about equal 
and normal on both sides. 

Induced Nystagmus. In rotation no after-nystagmus was produced in either 
direction. In the caloric test no response was obtained in either ear, even when 
a considerable quantity of fluid was used. Good response was obtained in the gal- 
vanic test at about 10 milliamperes with electrodes in both ears. With electrodes 
from ear to back, no reaction was obtained in either ear when the positive electrode 
was in the ear, even with a current of 25 milliamperes. With the negative elec- 
trode in the ear a fair reaction was obtained at about 10 milliamperes. 

August 17: One week after operation the animal had improved considerably. 
It showed no asymmetry in posture. A wide base and a slow sliding shuffling gait, 
with relative fixation of the trunk and head, were observed. In jumping, missing 
and inaccuracy were noted. The animal still climbed better than it walked. When 
placed in water, it thrashed about as soon as its head was under water; if it had 
not been removed from the water the animal would have drowned, as it was not 
able, apparently, to orient itself. 

September 10: During the past three weeks the animal had improved consider- 
ably. The width of the base had decreased, so that the abdomen on walking was 
now at a higher level. The animal walked with more certainty, but the gait was 
still rather slow, and the feet still tended to slide along the floor rather than to be 
lifted as in the normal type of gait. Climbing was fairly well performed, but when 
the animal had to make a sharp turn, as, for example, over the edge of the cage, 
it usually fell hard to one side or the other. The animal showed this instability 
on occasions in which quick turning of the head was performed. It still showed 
inaccuracy and poor coordination on jumping and disorientation in the water. 

October 10: During the last two weeks the animal seemed to approximate a 
stationary state of improvement. It got about fairly well, but showed a rather 
wide base and the sliding type of gait. Disorientation in the water and uncertainty 
on jumping were still clearly manifest. The efforts of the animal to keep all feet 
in contact with some support were still obvious. 

November 10: Three months after operation the animal was in essentially the 
same condition as at two months, showing what we believe to be the typical residua 
ot bilateral labyrinthectomy, namely, a wide base, slowness of gait, sliding of the 
limbs, instability on rapid changing of the axes of the head in space, disorientation 
in the water and poor orientation on jumping. All these conditions had improved 
somewhat during the previous month, but the condition now seemed essentially 
constant. Nystagmic reactions to galvanism were the same as at the twenty-four 
hour stage. 


Autopsy.—The inner ears were completely destroyed, the destruction extending 


well into the petrous portion of the temporal bone, with preservation in both ears, 
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however, of the region of the internal auditory meatus. Studies of Weigert prep- 
arations showed that neither eighth nerve was degenerated. No injury to the 
brain was present. 


The picture in the acute stage following destruction of the second 
ear shows most of the symptoms that were recorded in protocol 1. 
However, there is considerably less development of the asymmetrical 
features and subsequent development of the more characteristic bilateral 
phenomena, including the sliding type of gait, with a wide base, general 
incoordination on rapid changes of the axes of the head in space and 
disorientation in mediums of uniform density, such as the air (while 
jumping or while being dropped) and the water (while swimming). 

C. Removal of Both Inner Ears in One Stage—Three monkeys were 
used in this series. 

ProtrocoLt 3 (monkey B.L. 1).—Operation—On Novy. 10, 1932, with the usual 
technic, both inner ears were destroyed in one procedure. At the end of the 
operation, when the animal was still under light anesthesia, no asymmetry was 
noted in the limbs or in the posture of the head. There was slight spontaneous 
nystagmus upward. When the animal, partly out of anesthesia, was lifted by the 
trunk in the air, all four limbs were held flexed under the body. The muscle tone 
did not appear to be definitely diminished. 

Three hours after operation, with the animal well out of the anesthesia, the 
most marked symptom was a tendency to lie flat on the ground on the abdomen 
with all four limbs abducted. There was marked incoordination of the head with 
a slight inconstant vertical nystagmus upward. When the animal attempted to 
stand, which it did occasionally, there was a marked general instability, with 
falling toward one side or the other and occasional falling over backward. The 
animal moved slightly, preferring to lie flat on the abdomen. 

Posture—In sitting the hindlimbs were abducted widely, the forelimbs were 
held strongly to the cage, and the head was straight forward, slightly dorsiflexed. 
When the animal was hung by the tail, all four limbs tended to be flexed, and the 
head was held either straight downward or dorsiflexed. On the floor, in attempting 
to walk, the animal usually sprawled out, with all four limbs and abdomen flat on 
the ground. 

Locomotion.—There was a definite disinclination for movement. In starting to 
move the animal tended to crawl slightly on the abdomen, with all four limbs 
abducted widely. The motion was at first predominantly in a backward direction. 
The animal rarely got on its feet, and when it did it would make a few movements 
merely by pushing the feet along. It constantly kept its hands and feet as much 
as possible in contact with some support, which was firmly grasped. If it attempted 
to stand it usually fell over rapidly to either one side or the other or rolled over 
backward. If the animal was excited suddenly it would attempt to make a jump 
forward or up from the floor into the cage, always unsuccessfully; instead it 
jumped over backward, usually landing on the back of its head. 

Reflexes and Tone.—One gained the impression that there was a slight bilateral 
diminution in muscle tone, although it was not definite and did not appear to be as 
marked in any one limb as it was in the ipsilateral limbs following the destruction 
of one ear. In the sitting posture the knee jerks appeared to be definitely less 
active on both sides than was normal, and they were somewhat pendulous. There 
was a good grip in all four limbs. The animal righted itself from either side, and 
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the falling extension reflex was present bilaterally, although it appeared to be 
somewhat delayed as compared with that of a normal animal. The labyrinthine 
position reflex on the head was absent when the body was on either side in the air. 
Thus the animal kept the head in the horizontal position. With the animal sus- 
pended by the tail there was normal dorsiflexion of the head with the eyes open; 
if the animal was blindfolded, thus eliminating the optic reflexes on the head, this 
did not occur. There were no tonic neck reflexes on the limbs with flexion or 
rotation of the head. When the animal was dropped with its back downward, it 
made feeble attempts to right itself, but usually landed heavily on the back. 

Special Movements—No ataxia in any of the limbs, no intention tremor and 
no tremor at rest were observed. There were no rolling movements. One feature 
was the tendency of the animal, when sitting in the cage, to look backward over 
its head while maintaining a dorsiflexed posture of the head. The animal moved 
constantly when facing an observer so as to keep the observer in front; that is, it 
moved backward across the floor. If touched from behind when the eyes were 
open, the animal might spring into the air with a rather uncoordinated symmetrical 
type of motion, showing a quick strong reaction. If, on the other hand, the same 
test was performed when the animal was blindfolded, only a slight local movement 
might occur. When blindfolded the general motility and unsteadiness of the animal 
were cut down tremendously, so that it merely sat relatively immobile in the center 
of the floor. 

Observations on Nystagmus.—There were occasional short periods of nystag- 
moid movements upward, which were barely more than twitches. 

November 11: Twenty-four hours after operation there was still a marked 
general lack of steadiness, although the quick jerky incoordinated movements of 
the three hour stage were not present to the same extent. When an observer 
approached, the animal moved to the back of the cage, firmly gripping the wires 
with its four feet in a sitting position. It rotated its back repeatedly through a 
half circle toward the observer, looking at the observer over its dorsiflexed fore- 
head. The most noticeable feature at this stage was the marked unwillingness of 
the animal to let go of any object of support. It constantly kept one hand and 
foot grasping some support, and usually it would not let go of the previous point 
of support until it had attained a firm grip on the next. There were no tremors 
and no spontaneous movements of any type. The animal could climb about in the 
cage rather well so far as motor power was concerned, but frequently hung with 
the head down or climbed about on the sides or the top of the cage in positions 
(fig. 3) in which the normal monkey rarely climbs. When placed on the floor it 
still showed the marked tendency toward lying flat on the abdomen with all four 
limbs abducted. Its locomotion might be described as a crawl resembling move- 
ments while swimming, with the limbs rarely leaving the ground. The animal 
jumped occasionally, if excited, and again showed definite inability to jump forward 
and upward, as, for example, into the cage. Almost without exception it either 
jumped straight up or turned over backward and landed on the back of the head. 
Motor power was good. There still seemed to be some diminution in the deep 
reflexes. Muscle tone showed no definite diminution. The animal could not walk 
across a bar. ‘Tests of nystagmus at this date showed no reaction to rotation 
in either direction; no response on caloric testing, even with large quantities of 
water; a fair response on galvanic testing at 10 milliamperes and with electrodes 
in both ears; no response with the positive electrode in the ear of either side and 
the negative on the back even with 25 milliamperes of current, and a good response 


on both sides at about 5 milliamperes with the negative electrode in the ear and 
the positive on the back. 
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November 17: The animal had improved considerably, especially with regard 
to the return of general strength and to its tendency to rise on its feet when walk- 
ing. While no one was nearby the animal sat in the cage in about a normal pos- 
ture. However, when an observer approached the animal climbed about the cage, 
its back usually turned and head downward, looking at the observer over the dorsi- 
flexed head. At times the animal gazed at the observer with a ventriflexed position 
of the head. When the animal crawled along the floor all four limbs were used 
equally well, but none showed a definite lifting up of the weight of the body on 
the distal portion of the extremity ; they were all held abducted and the animal still 
crawled along largely on the abdomen. It rarely let go of one point of support 
before firmly grasping another. It had learned definitely not to jump from one 
cage to another through the air. When it had done so, it had missed its objective 
and had usually fallen hard. It jumped upward, however, toward its cage, but 
had never succeeded because it either jumped straight upward or over backward. 
The deep reflexes and muscle tone at this stage showed nothing unusual. Nystag- 
mic reactions were the same as at the previous date. When the animal was placed 
in water it floundered about, revealing complete lack of orientation, and would 


Fig. 3—The animal clinging to the top and side of the cage in a head-down 
position, 


have drowned if it had not been taken out. It showed no spontaneous nystagmus, 
no spontaneous tremors or intention tremors and no abnormal movements in the 
limbs. The special reflexes were as described at the earlier date. 

November 24: The general findings were essentially the same as at the one 
week stage, except that the gait had improved slightly, the animal walking more 
up on its extremities, and the marked dorsiflexion of the head seemed even more 
definite than at the one week stage. The animal usually watched an observer with 
its back toward him, and still climbed about the cage in a bizarre manner. When 
climbing about under the cage, it might climb up the support, turn around and slide 
head down again with apparent disorientation. The lack of ability to swim 
remained the same. 

December 10: One month after operation the condition was improved in that 
the animal walked more up on its feet. Otherwise the findings were exactly the 
same as at the one week stage. The dorsiflexion of the head, the jumping straight 
upward or backward with occasional flips backward, the tendency of the animal 
not to let go of points of support, the marked disinclination to jump, the rather 
slow gait with a wide base and the disorientation in the water were still definitely 
present. 
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Jan. 10, 1933: Two months after operation the general condition was the same. 
The animal appeared to be somewhat different from the monkey in protocol 2 two 
months after the second single stage operation was performed, first, in the peculiar, 
bizarre type of behavior of gazing backward over the forehead with dorsiflexion 
of the head, and, second, in the disinclination to walk and to let go of points of sup- 
port, which seems much more marked in this type of animal. 

February 10: Three months after operation the animal had improved slightly. 
There was no asymmetry of any type, but the characteristics of the more acute 
stage were still present. 


Autopsy.—The observations were similar to those in protocol 2. 


That the bizarre behavior of this animal is not an exception may be 
seen from the fact that other animals of the same series in which 
bilateral destruction of the ear was accomplished in one stage assumed 
similar awkward positions, at least to a certain degree, manifesting 
at times dorsiflexion or ventriflexion of the head and gazing at an 
observer backward over the dorsiflexed or ventriflexed head. The gen- 
eral picture three months after this operation seemed much more severe 
than that of the animal described in protocol 2 three months after the 
second operation. 

D. Section of One Eighth Nerve—Three monkeys were used in 


this series. 


Protoco. 4+ (monkey Cer. 76).—Operation—On Feb. 1, 1933, intracranial 
section of the right eighth nerve was accomplished with no perceptible trauma of 
the lateral lobe of the cerebellum. As the findings in this case are almost exactly the 
same as those following the destruction of the right labyrinth, we shall merely 
summarize briefly the essential features. In the acute stage there were spon- 
taneous nystagmus to the left, lasting about twenty-four hours; flexion of the 
occiput to the right; torsion of the chin to the left; flexion of the right limbs, and 
extension of the left limbs. The abnormal position of the head differed slightly 
from that in the typical monkey with destruction of the inner ear in that it did 
not seem to be quite so marked. There were lateropulsion to the right, relative 
hypotonus and slight diminution in deep reflexes on the right side, deviation and 
spiraling to the right on jumping or climbing up a straight bar and loss of the 
labyrinthine position reflex on the right. In general, the picture in the acute stage 
was essentially like that following labyrinthectomy, except that all the signs of 
asymmetry did not appear to be quite so marked and there was a slightly greater 
general lack of steadiness in the early stages, while the chronic stages showed as 
in the monkey in which one ear had been destroyed: slight flexion of the occiput 
toward the right shoulder and very slight torsion of the chin to the left, with devia- 
tion to the right on jumping; disorientation with rolling toward the right in the 
water; inability to walk across a bar because of falling to the right; regained 
muscle tonus and normal deep reflexes on the right side, and continued loss of the 
labyrinthine position reflex on the right. The nystagmic reactions were exactly 
like those following unilateral labyrinthectomy, that is, diminished duration of post- 
rotatory nystagmus on rotation to the left in the early stages, which later approxi- 
mated the duration of after-nystagmus on rotation to the right. The animal also 
showed loss of caloric reaction on the right. In galvanic tests on the right with 


current up to 25 milliamperes there was loss of ear-to-back reaction, while the 
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back-to-ear reaction was retained. It would be difficult to differentiate symp- 
tomatically this monkey from the typical monkey with unilateral labyrinthectomy, 
except that in the acute stage, because of the manifestation of unsteadiness there 
might be a cerebellar element in the picture. If no real damage to the cerebellum 
is done, however, the condition disappears rapidly, usually subsiding completely 
with the spontaneous nystagmus by the twenty-four hour stage. 

Autopsy —Marked atrophy was observed in the stump of the eighth nerve on 
the right side. Brains studied with the Weigert stain confirmed the degeneration of 
the eighth nerve. These studies will be presented in detail in subsequent publica- 
tions concerning the anatomy of some of the vestibular connections. 


E. Section of Two Eighth Nerves—Three monkeys were used in 
this series. 


Protroco, 5 (monkey Cer. 99).—Operation.—On Feb. 5, 1933, intracranial sec- 
tion of both eighth nerves was performed. No trauma was present in either lateral 
lobe of the cerebellum. The exposure was made easily, with practically no bleed- 
ing. As the picture in this animal directly resembled that in the monkey with 
bilateral labyrinthectomy, as reported in protocol 3, only the salient features will 
be summarized, 

The most important observations in the acute stage were a flexion attitude of 
all four limbs if the animal was held in the air by the tail and extension and 
abduction of all four limbs (more marked in the forelimbs) when the animal was 
on the floor. There were tendencies to dorsiflexion of the head, bilateral diminu- 
tion in the knee jerk, and marked swaying and incoordination, with falling to one 
or the other side on attempts to stand or walk. A normal grip was retained. 
When attempting to jump forward there was a tendency to jump straight up or 
over backward. There was better retention of the ability to climb than to walk, 
with, however, some disorientation on climbing; the animal might start climbing up 
and in the middle of the performance turn around and climb down. It was unable 
to walk on a horizontal bar. Loss of the labyrinthine position reflex on each side 
was noted. There was diminution in hyperactive sensory reaction to touch on 
being blindfolded. When the animal was blindfolded and hung by the tail dorsi- 
flexion of the head was lost, but was present if the eyes were opened. The animal 
hugged the wall of the cage, holding on tightly with all four limbs. There was 
loss of caloric and rotational reactions from both ears, with the same type of 
galvanic response as was present in protocol 3. During the month following opera- 
tion recovery took the same course as that of the monkey in which the inner ears 
were destroyed at one stage. There was absolute symmetry in the picture. At 
the end of the month, in addition to the slow sliding type of gait, with a wide base, 
and with an attempt always to have a hold on some point of support, the animal 
still showed marked disability on jumping, with a tendency to jump over back- 
ward. There was marked sudden disequilibrium when the animal was called on 
to change the plane of its head in space quickly, as when it climbed over the edge of 
the cage. It also showed bizarre antics in the cage, looking out over the forehead 
at an observer behind it and climbing or standing in the cage with the head down. 
In this animal, as in the monkey with bilateral labyrinthectomy in which the 
destruction was performed at one stage, it seemed that the animal did not mind 
whether it climbed up or down or whether it hung in the cage with the head up 
or down. After a month no abnormalities in muscle tone or deep reflexes could 


be elicited. This animal, like the one with both ears destroyed, could not swim. 
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As soon as its eyes were below the surface it thrashed about with apparent complete 
disorientation and would have drowned if it had not been taken from the water. 
The animal could not walk along a horizontal bar, falling over quickly to one side 
or the other. 

May 5: Three months after operation the animal showed essentially the same 
condition as at the one month stage, except that the gait had improved somewhat ; 
it still had marked disabilities. 

Autcpsy—The brain showed grossly that both eighth nerves had been cut; only 
small atrophic stumps remained. No damage could be found in the cerebellum. 
Microscopic examination revealed degeneration of both eighth nerves up to the 


nuclei. Further details will be discussed in a later article. 


COMMENT 

On analyzing the observations following labyrinthectomy or section 
of the eighth nerve in over thirty monkeys, we found that each of them 
conforms to a general pattern representing total functional loss of one 
or both vestibular end-organs. There are, however, variations from 
animal to animal in the degree of manifestation of individual com 
ponents of the general symptomatology. 

Our observations on the results of unilateral and two-stage bilateral 
functional destruction of the vestibular receptor confirm, in the main, 
the findings of similar experiments reported by Magnus. We have 
found no mention in the literature of a one stage bilateral labyrin- 
thectomy or bilateral section of the eighth nerve in monkeys. In the 
reports of Magnus, however, there are a few differences from our find- 
ings, as, for instance, the presence of rolling movements (Rollbeweg- 
ungen) in his two monkeys. In our series with unilateral labyrinthec- 
tomy or section of the eighth nerve no rolling movements, i. e., definite 
rolling over of the body around its long axis, occurred when the experi- 
mental lesion was confined to the inner ear or to the eighth nerve. In 
some of our cases in which some damage to the surrounding cerebral 
nervous structure occurred as a complication, rolling movements were 
seen. It is a question, perhaps, whether the falling to one side with 
rotation of the body in the air when jumping and in the water when 
swimming should not be considered as merely slight degrees of rolling 
movements. Such a view is hard to prove, for whenever rolling move- 
ments have occurred in our animals with lesions of the vestibular nerves 
with complications, they have been definite and of the type of complete 
rotation around the long axis. 

The findings in our monkeys in which one inner ear was removed were 
also more lasting than those in Magnus’ animals. He stated that six 
days, and at the most a month, after operation the animals appeared 
to be entirely normal, whereas we found that even after six months 
definite deficiencies persisted, including, in most cases, a slight rotation 
of the head with the occiput toward the damaged side, a definite deviation 
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to the damaged side on jumping, with a rotation of the trunk around 
the long axis toward the damaged side and heavier landing on that 
side, a definite disability with a sudden lack of steadiness and stumbling 
on quick turning of the head and a definite disability in swimming. 

The findings in the acute stage of torsion of the head and reflex 
extension of the contralateral limbs with flexion of the ipsilateral limbs 
agree mainly with those reported by numerous authors for lower forms 
of animals, such as the rabbit, the cat and the dog. It is of interest 
that in the monkey these symptoms are less in degree and of shorter 
duration than in the lower animals. They form, it would seem, a 
transition reaction between the type of response of the lower animals 
and that of man, in whom a tilt of the head, if present, is of milder 
degree and of less duration. 

In monkeys the symptoms following lesions of the ears or nerves 
differ slightly in intensity and also with respect to duration from animal 
to animal. Some monkeys, for example, show marked acute torsion 
of the head and asymmetry of the limbs, which decrease considerably 
within twenty-four hours; after a short time one observes only a slight 
tilt of the head. 

It was thought by Magnus that the asymmetry in the limbs was 
dependent to some extent on the position of the head, which in turn 
was dependent on the asymmetry in the labyrinthine reflexes. In order 
to investigate this phase of the question we extended our survey to 
cover the importance of the proprioceptive impulses in determining 
the position of the head. This investigation followed the lines of those 
performed by Magnus on lower forms of animals. The experiment 
was based on the assumption that the position of the head is partly 
if not entirely dependent on proprioceptive impulses from the muscles 
of the neck. 

In one of the monkeys, two weeks prior to the destruction of one 
ear, all the cervical dorsal roots from both sides were cut. In the acute 
stage following labyrinthectomy this animal showed no tilting or torsion 
of the head and no asymmetry in the limbs. 

In another animal, in which the ear alone had been removed three 
months previously, there remained a slight tilt of the occiput toward 
the damaged side, with a slight rotation of the chin toward the opposite 
side. On section of the cervical dorsal roots of the side on which the 
ear had been removed, the tilt and rotation of the head disappeared 
and were replaced by a similar tilt and rotation in the opposite direction, 
the angle having been changed about 60 degrees. It seems, therefore, 
that the actual position of the head resulting from the operation on 
the ear alone depends greatly on some asymmetry in the distribution 
of several sets of afferent impulses, which are probably responsible 
in the normal animal for the normal position of the head. 
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Although we think that there is a difference in the tone of the limbs 
of the two sides in the animals with the one ear destroyed, this does 
not afford sufficient explanation for the instability in the acute stage 
and for the tendency of the animal to stagger or fall to one side, because, 
as we have observed, similar symptoms may not occur in animals with 
definite unilateral hypotonia resulting from other operative procedures. 
We know from observations on man that the intense vertigo experienced 
in labyrinthitis or possibly induced by vestibular testing results in 
certain forced movements, including falling and even occasionally rota- 
tion of the head. Of course one cannot elicit the consciousness of vertigo 
from the monkey, but the sudden falling, with deviation toward the side 
of the ear operated on, might well be associated with the sense of vertigo 
and the attempt of the animal to attain a more comfortable position. 
A somewhat similar response is reproducible, as we have demonstrated 
on our own animals, by merely irrigating one ear of a normal monkey 
with cold water. To be sure, the functional asymmetry in such cases 
is not so great as that associated with destruction of the ear, but elements 
of the same type of symptoms, such as lateropulsion and falling, are 
present. The falling seems to diminish rapidly with diminution of the 
nystagmus. 

An interesting feature in all our animals was the observation which 
Magnus mentioned, that the animals with both of the vestibular end- 
organs out of function climbed about much better than they walked. 
He thought that this was due to the marked development of body reflexes 
in the monkey. To be sure, when localizing differences in sensory 
impulses were eliminated, as for example in jumping through the air or 
in swimming under the surface of the water, the disability under such 
conditions was tremendous and long lasting. In the action of climbing, 
when the hands have a good grip in three dimensions on the wires or 
the supports, the animal can be made much more aware of changes in 
the forces in its body by way of its various proprioceptive receptors. 
[f perception through its hands is limited to a two dimensional plane, 
such as on a smooth floor, the animal is more limited in its proprioceptive 
capabilities. That an animal on removal of its ears relies considerably 
on the proprioceptors of its limbs could well be seen in experiments in 
which both ears or both eighth nerves had been removed or sectioned 
at one stage, in which cases the animals rarely let go of one object before 
they obtained firm hold of another. 

Another point of interest in our experiments is the difference in 
intensity and even in the type of symptoms in the aforementioned 
animals, in which both vestibular end-organs were destroyed or both 
eighth nerves were sectioned at one time, as compared with those in 
which the removal of the ears had been done in two stages. In those 
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with the bilateral lesions made at one time the disability seemed much 
greater at all times, even up to the chronic stage, than the disability 
resulting from removal of the ears one at a time. It is the usual finding, 
as emphasized by Pike, that the disability resulting from combined 
lesions of two or more receptors is greater than the sum of the effects 
of the destruction of those afferent paths singly. The bizarre behavior 
of this type of animal in its climbing and in its back flipping and dorsi- 
flexion of the head on fixation of gaze is interesting. This behavior 
is particularly well seen when an observer approaches. Previously the 
animal may have been eating quietly in a normal posture. The animal 
places itself at the greatest possible distance from an observer and at 
the same time grasps the cage as firmly as possible. It is thus forced 
to place its back to the observer and in order to see him is required to 
look either dorsally over its head or ventrally between its legs. An 
alternative explanation of the dorsiflexion of the head in the animal on 
which a bilateral operation has been done would be a mechanical one, 
based on the play of two different components of the forces which enter 
into every rotatory forced movement. One force would act to turn the 
chin toward the contralateral side and the other to turn the head dorsally. 
In the animals with unilateral lesions the rotation of the chin toward 
the contralateral side and the dorsiflexion of the head would be the 
result of the two forces mentioned. In the case of bilateral lesions, 
provided the rotational components are still present, the two components 
of the rotation would be opposite in direction and equal in magnitude. 
They would thus tend to neutralize one another. Not so, however, with 
the dorsal components. They would both be in the same direction, and 
would result in a bilateral force tending to dorsiflexion of the occiput. 
Whether this dorsiflexion is due to the addition of the two dorsal com- 
ponents of the rotational force acting on the head cannot, however, be 
clearly demonstrated. In fact, the finding varies in degree from animal 
to animal, although definite elements of the same type are present in all 
the animals. It is of interest that all the asymmetrical movements, 
including dorsiflexion and twist or rotation of the head, seemed to be 
exaggerated on fixation of gaze by the animal. 


SUMMARY 

1. In order to study the effects of peripheral lesions of the vestibular 
system a series of operations to eliminate the vestibular end-organ was 
performed on Macacus rhesus monkeys. The operations included 
destruction of the labyrinth and section of the eighth nerve. The lesions 
were unilateral and bilateral, the last being performed both in two stages 
and in one stage. The general symptoms of the acute and chronic stages 
and the nystagmic reactions induced by caloric, rotational and galvanic 
methods were studied. 


if 
in 
aa 
i 
i 
i 
{ 


70) ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


2. The effects of destruction of the labyrinth and of section of the 
eighth nerve were essentially the same symptomatically. 

3. Monkeys with unilateral destruction of the labyrinth or section 
of the eighth nerve showed in the acute stage a more or less charac- 
teristic resting posture of lying on the side of the lesion with flexion 
of the ipsilateral and extension of the contralateral limbs and also flexion 
of the occiput toward the ipsilateral shoulder, with sharp rotation of the 
chin to the contralateral side. In locomotion the animals showed general 
lack of steadiness, ipsilateral lateropulsion and falling and_ spiraling 
when climbing up a bar. In jumping there was ipsilateral deviation 
with partial ipsilateral rotation of the body around the long axis toward 
the side of the lesion and more or less complete loss of orientation when 
under water. Ipsilateral slight hyporeflexia and hypotonus were present, 
and there was a loss of the ipsilateral labyrinthine position reflex on the 
head. Rolling movements were not seen. 

4+. In the chronic stage the animals with a unilateral lesion showed 
a slight tilting of the head and also a variable degree of deviation and 
longitudinal rotation on jumping and swimming. 

5. Following a second stage removal of the second labyrinth or 
section of the eighth nerve there occurred in the acute stage a repetition 
of the unilateral picture, but it was less severe in intensity and opposite 
in direction. 

6. The animals in the chronic stage, following bilateral destruction 
at different times, showed a sliding type of broad-based gait, inability 
to adjust the limbs and trunk to quick changes in the position of the 
head, complete disorientation when swimming under water and_ better 
retention of climbing than of walking ability. 

7. The monkeys with bilateral one-stage destruction of the inner ear 
or eighth nerve showed a picture more severe at all times than that of 
the animals operated on at two stages. In addition to a shuffling, sliding, 
broad-based gait, inability to adjust the body and limbs to rapid changes 
in the position of the head in space, marked disability on jumping, dis- 
orientation on swimming under water and bilateral loss of labyrinthine 
position reflexes on the head, these animals showed a general tendency 
toward dorsiflexion of the head and a frequent assumption of bizarre 
postures with an obstinate refusal to let go of any object of support. 
The same condition persisted even into the chronic stage, although the 
gait showed considerable improvement. 

8. In our animals with unilateral labyrinthectomy or section of the 
eighth nerve spontaneous postoperative nystagmus usually lasted for 
about twelve hours. During the following twenty-four hours it occurred 
occasionally only for short periods on excitement. 
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9. Observations on induced nystagmus were: Postrotatory duration 
of nystagmus showed a definite diminution in the acute stage on rotation 
of the monkey away from the side on which one ear had been destroyed. 
The ratio of the durations of nystagmus following rotation toward the 
two sides in the acute stage was about 2:1. This difference became 
less, so that after a month or so the duration was usually the same fol- 
lowing rotation to either side, but the time was somewhat shorter than 
that in the average normal monkey. The rotation test is dependable in 
determining unilateral loss of vestibular function only in the acute stage. 
The caloric test in the case of unilateral lesions showed a normal type 
of nystagmic reaction in the normal ear, whereas no nystagmus followed 
irrigation of the ear operated on. The nystagmus indicated in the normal 
ear during this acute stage, however, appeared in a shorter time and 
had a larger amplitude than that seen in the normal monkey. 

The galvanic test induced a normal nystagmic reaction in each of 
the monkeys with the electrodes in the two ears. With the electrodes 
in the ear and on the back a normal reaction was usually obtained except 
on the side on which the trunk of the eighth nerve had been sectioned 
intracranially. The responses here seem to vary with the stage of 
degeneration of the nerve. 

10. The asymmetrical posture of the head in vestibular lesions is 
dependent on at least two sets of impulses, those from the labyrinth, 
and those from the neck muscles, because by various combinations of 
lesions of the labyrinth and cervical dorsal roots one can vary the posture 
of the head at will. 
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THE CEREBRAL CIRCULATION 


XXIX. MICROSCOPIC OBSERVATIONS ON THE LIVING CHOROID 


PLEXUS AND EPENDYMA OF THE CAT 


TRACY J. PUTNAM, M.D. 
AND 
ERIK ASK-UPMARK, M.D. 


BOSTON 


The existence of a vasomotor and chemical control of the vessels of 
the pia has been established by microscopic observation in the living 
animal,’ and it has been shown by perfusion experiments that volume 
blood through the brain as a whole may be influenced by similar factors.* 
It has not been known, however, to what extent the deeper vessels of the 
brain participate actively in the control of flow. Penfield * demonstrated 
the presence of nerve fibers in the walls of cerebral vessels, and Junet * 
and Clark ® showed that the vessels of the choroid plexus also contain 
nerve fibers, possibly sensory in function. Stohr ® and also Schapiro,’ 
investigating several mammals, noted a rich supply of nerves to the 

This work has been completed under a grant from the Josiah Macy Jr. Foun- 
dation. 

From the Neurological Unit, Boston City Hospital, and the Department of 
Neuropathology, Harvard Medical School. 
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different structures of the choroid plexus. Findlay,* confirming earlier 
investigations of Chworostuchin, had already observed the presence of 
nerves in the choroid plexus (“It seems not at all improbable that . . . 
these are vasomotor nerves destined for the blood vessels”). A nerve 
plexus was demonstrated by Kolmer *® in the ependyma of apes. But 
the function of these various fibers has remained a matter of inference. 

The present investigations were undertaken with the purpose of 
extending the observations of Forbes and his collaborators on the pial 
vessels to the choroid plexus and vessels of the ependyma. Jacobi and 
Magnus '° studied the living choroid plexus under the microscope and 
took photographs of it, but did not stain it or observe changes in the 
vessels. Schaltenbrand and Putnam '! also observed the choroid micro- 
scopically and saw the excretion of fluorescein through it, but these 
observations seemed to deserve further elaboration. 


METHOD 


Cats were used throughout the investigation, and proved admirably adapted to 
the purpose in view. In seven cats, dial was employed as an anesthetic, and in 
four animals, amytal; in two cats, bilateral decortication was done under ether 
anesthesia, which was then discontinued. The form of anesthesia appeared to make 
little difference in the results. 

When the animal had been anesthetized, the vagus and sympathetic nerves were 
exposed in the neck. The skull was scraped bare, and the head clamped in a Forbes 
head holder. A trephine opening, 3 cm. in diameter, was made over the posterior 
portion of the hemisphere. This defect was sufficient for observations with low 
power lenses, and permitted a water-tight seal when a 6.5 X “ultropaque” immer- 
sion lens was used with a rubber ring between it and the edges of the bone. To 
permit the use of the larger 11.5 X “ultropaque” lens, it was found better to 
remove with a rongeur as large an area as the topography of the cranium would 
permit. Bleeding was controlled by bone wax and muscle. 

Next the dura was opened by multiple radial incisions, and the flaps were turned 
back over the edge of the bone defect. With the smallest ophthalmologic needle 
and split waxed silk thread the cortex was cut, and the vessels were ligatured all 
the way around the periphery of the exposed brain. The area outlined was seared 
with an electric cautery. The removal of brain substance was accomplished by a 
16 gage hypodermic needle attached to a strong suction apparatus. By this means 

8. Findlay, J. W.: The Choroid Plexuses of the Lateral Ventricles of the 
Brain, Their Histology, Normal and Pathological (in Relation Specially to Insan- 
ity), Brain 22:161, 1899. 

9. Kolmer, W.: Ueber einen supraependymalen Nervenplexus in den Hirn- 
ventrikeln des Affen, Ztschr. f. Anat. u. Entwcklngsgesch. 93:182, 1930. 

10. Jacobi, W., and Magnus, G.: Ueber Mikroskopie und Mikrophotographie 
bei auffallendem Licht am lebenden Gehirn, Deutsche med. Wehnschr. 51:1362, 
1925. 

11. Schaltenbrand, G., and Putnam, T. J.: Untersuchungen zum Kreislauf des 
Liquor cerebrospinalis mit Hilfe intravenéser Fluoresceineinspritzungen, Deutsche 
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the lateral surface of the ventricle was removed to any desired extent, leaving only 
the attachment of the plexus. Particular care had to be taken to avoid catching 
the plexus itself in the sucker. 

For observation under low magnification a binocular microscope was found most 
convenient. By the use of the 6.5 X “ultropaque” objective fitted with a soft 
rubber washer it was possible to produce a water-tight joint with the skull, but 
this did not prove particularly advantageous. The greatest magnification was 
obtained with an 11 X “ultropaque” lens, the cone of which actually rested against 
the structures under observation and kept them more or less immobilized. It was 
often found advantageous to irrigate the field with warm Ringer’s solution during 
the observation. Measurements were made by means of a micrometer eyepiece, 
and were often checked by several observers. Nerves were stimulated with a Har- 
vard inductorium with the coil set at from 9 to 11 cm. 

Blood pressure was measured from the femoral artery and recorded with each 
micrometer measurement. Animals so prepared often remained in good condition 
for several hours at a time. 

In some experiments the field was stained with methylene blue. Other dyes 
were tried, including acid fuchsin, alizarin, methyl blue and nile blue, but were less 
satisfactory. On other occasions fluorescein was injected intravenously to demon- 
strate the points of formation of spinal fluid. 


ANATOMY OF THE LIVING CHOROID PLEXUS 

When the wall of the lateral ventricle is removed, the fan-shaped 
choroid plexus stands out prominently against the glistening white 
ependyma. Although it appears like a gossamer web after death, it has 
surprising stiffness during life, no doubt owing to the turgor of the 
vessels which compose it. 

Microscopically the most prominent feature of the plexus is the 
group of large vessels—usually three or four veins and one or two 
arteries—running in the edge of it. Smaller vessels are given off rather 
abruptly from the larger ones. There are few of intermediate size 
between the large vessels and the unusually coarse thin-walled capil- 
laries which form a network with many anastomoses underlying almost 
the entire free surface. These capillaries are large enough to permit 
the passage of several cells abreast and yet are so thin-walled that there 
is often a slight bulging of the lumen between one juncture of the net 
and the next. These structural peculiarities probably explain the pres- 
sure at which the spinal fluid is formed. In spite of the large capillary 
area there is unusually little difference in color between arterial and 
venous blood as seen under the microscope. Presumably little exchange 
of gases takes place, and presumably also the venous flow and pressure 
are unusually great. 

The appearance of the ventricular wall is in striking contrast to that 
of the plexus. The ventricle is lined with a uniform layer of satiny 
white matter, on the surface of which a few capiliaries and venules 
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are to be seen. These vessels run in the general direction of the fibers 
of the white matter. Only on one or two occasions were arterioles 
observed. 

The field can be deeply stained by flooding it with 1 per cent 
methylene blue. When the dye is washed away the entire surface of the 
field is stained so deeply that no details can be distinguished. As the dye 
becomes slowly decolorized by the living tissues the nuclei of the 
epithelial cells covering the choroid plexus stand out. They are rather 
large, round nuclei, lying close together in a single layer which follows 
the minute irregular wrinkles of the previously invisible choroid villi. 
At this stage the small sparse nuclei of the ependyma of the ventricle are 
usually stained. As the decolorization continues, and perhaps as the 
leukobase diffuses more deeply, the axons of the white matter stain as 
tiny blue lines with occasional swellings or irregularities in their course. 


Fig. 1—A photograph of the living choroid plexus and ventricular floor. The 
attachment of the choroid plexus lies along the lower border of the field, and the 
three large vessels mark the free edge. The photograph shows the direction of 
fibers of the white matter and the venules which lie on it, but gives little idea of 


its satiny sheen. The white spots on the choroid are surface reflections; 10. 


Next usually appears the adventitia of vessels, which are best observed 
in the white matter. Perivascular astrocytes are often stained, includ- 
ing the fibers, but oligodendroglia are seldom observed. Staining of 
the nuclei of the muscular coat of arteries is less constant. Rarely— 
only on three occasions—was it possible to make out unmistakable nerve 
fibers running longitudinally along large arteries of the choroid plexus. 
They had the characteristic appearance of nonmedullated fibers stained 
with methylene blue or silver salts in fixed preparations of blood vessels ; 
they were tenuous, took an irregular course and gave off few branches. 
We were never able to determine under what conditions these nerves 
became visible, and the stain was so fleeting that we were never able 
to secure photographs of them. 
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Fig. 2—The choroid plexus stained with methylene blue. Above, the circular 
muscle fibers of a large artery are stained. The groups and chains of irregularly 


stained cells outline the wrinkles of the choroid epithelium; 100. 


> 


Fig. 3.—The white matter stained with methylene blue. The nuclei and proc- 
esses of the perivascular glia are well shown, but the countless fine stained axons 
are difficult to photograph. The scattered nuclei are mostly ependymal; x 100. 
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In several experiments 5 cc. of 10 per cent fluorescein was injected 
intravenously while the plexus and white matter were under obser- 
vation with ultraviolet light. As was observed by Schaltenbrand and 
Putnam," great clouds of the dye appeared from the surface of the 
choroid plexus. While the largest total amount diffused from the capil- 
lary bed the color appeared earliest and most intensely in a zone about 
the larger veins of the choroid. A proportional amount appeared 
through the small veins and capillaries of the ependyma. 


STIMULATION OF THE SYMPATHETIC NERVE 

The oral end of the cut cervical sympathetic nerve was stimulated 
fifteen times in the course of seven experiments with currents of vary- 
ing strength, while one of the larger arteries of the choroid was being 
observed under the microscope. In ten instances a constriction occurred, 
usually after a latent period of a few seconds. The greatest recorded 
constriction amounted to 40 per cent of the original diameter. In most 
instances it was not more than 10 per cent. A slight dilatation occurred 
in five animals, which was followed later by a constriction in three. The 
dilatation was always immediate and was usually accompanied by a sharp 
rise in blood pressure, which showed no significant change in the other 
experiments. 

No effect on the veins or capillaries of the choroid plexus as a 
result of sympathetic stimulation could be measured. In two of three 
experiments a slight diminution in caliber of the small veins and capil- 
laries of the floor of the ventricle could be demonstrated by a comparison 
of photomicrographs taken before and during sympathetic stimulation. 


STIMULATION OF THE VAGUS NERVE 

The central end of the cut vagus nerve was stimulated on fourteen 
occasions in the course of experiments on six cats. This procedure 
was followed by a slight dilatation in eight instances. It amounted 
to about 30 per cent of the original diameter in two of these, and to 
about 10 per cent in the remainder. In two instances, in both of which 
the animal had received a dose of atropine shortly before, a slight 
constriction of the artery occurred. In only one case did a significant 
rise in blood pressure occur, and usually there was no change or a 
shight fall. 

No changes were noted in the vessels of the white matter during 
stimulation of the vagus nerve. 


EFFECT OF DRUGS 
In two experiments, 1 ce. of a 1: 100,000 solution of epinephrine was 


injected intravenously. There was a sharp rise in blood pressure, 
accompanied by a slight dilatation of the artery under observation, which 
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constricted about 20 per cent after a few minutes. The intravenous 
injection of 10 mg. of ephedrine in solution produced a constriction 
of about 20 per cent, accompanied by a moderate rise in blood pressure 
in two experiments. The intravenous injection of 5 mg. of pilocarpine 
produced a sharp increase in arterial diameter, up to 60 per cent of the 
original in two experiments. In one, however, there was a concomitant 
rise in blood pressure. The intravenous injection of caffeine and of 
atropine caused no characteristic changes. The effect of the intravenous 
injection of histamine (1 cc. of 1: 10,000 solution) on the vessels of 
the white matter, as well as on the arteries of the choroid plexus, was 
studied in two experiments by comparing photographs taken just before 
and just after injection. There was a slight increase in the diameter 


Fig. 4.—A venule and capillaries in the white matter of the floor of the lateral 
ventricle photographed during stimulation of the sympathetic nerve (left), without 
stimulation (center) and following injection of histamine (right). Both venules 
and capillaries constrict during stimulation of the sympathetic nerve and dilate 
under the influence of histamine; reduced from X_ 50. 


of the artery and venules and in the number of visible capillaries. A 
similar result was obtained by the administration of carbon dioxide 
In two experiments no change in the structure of the stained choroid 
epithelium could be observed following the injection of pilocarpine. 


COM MENT 


There can be no doubt that direct observation of the living choroid 
plexus gives a clearer, more concrete idea of its structure, nature and 
function than can be obtained by a study of fixed preparations. Perhaps 
the most striking result of the present investigation is the vivid impres 
sion that it leaves on the observers’ minds. 
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Little that is new can be concluded with regard to details of structure 
of the plexus. The present study appears to favor the hypothesis that 
the fluid produced by the plexus is predominantly a diffusate.‘* In the 
first place, the structure taken as a whole resembles the glomerulus of 
the kidney far more than it does the tubules. There is a relatively large 
plexus of coarse capillaries with thin walls, covered by a relatively small 
expanse of thin epithelium. In the second place, observation shows 
that the injection of pilocarpine—the action of which is often used as 
an argument in favor of the theory of active secretion—produces no 
demonstrable change in the living choroid epithelium, but does produce 
an increase in arterial diameter and so almost necessarily an increased 
capillary pressure. In the third place, fluorescein can be seen to diffuse 
more rapidly through the walls of large veins than through the capillaries 
per unit of length. Furthermore, the diffusion through the vessels of 
the white matter appears to be quite as rapid as that through vessels 
of corresponding size in the plexus. If the choroid epithelium were 
the active agent in the transmission of substances it would be expected 
that the appearance of fluorescein would follow its contours and be 
limited to its extent. The structure and behavior of the plexus as seen 
under the conditions of this experiment suggest rather that the choroidal 
epithelium acts as an additional layer of filtering membrane and tends 
to prevent the transmission of bulky molecules. The excess of protein 
in the fluid about the spinal cord, as compared with the contents of the 
ventricle, is often considered to be derived from the parenchyma. If this 
were so one might expect to find it produced in greatest abundance in 
the area in which the parenchyma is thickest, namely, in the hemisphere. 
It is possible that the protein increment represents a filtrate from the 
serum through the walls of vessels not covered by choroid epithelium. 

The presence of nerves in the walls of the arteries is confirmed by 
the present experiments. Although we made no detailed study of the 
point, we did not observe movements that could be interpreted as reac- 
tions to pain on the part of the animal as a result of handling the plexus. 
As far as our evidence goes, therefore, the vascular nerves are probably 
motor in function. No subepithelial plexus was observed. 

There can be no doubt but that the arteries of the choroid plexus 
respond actively to stimulation of the vagus and sympathetic nerves and 
to the administration of drugs in much the same way as do the arteries 
of the pia. This is not surprising, since the choroid plexus is closely 
related to the pia embryologically. The fact that vasomotor changes 
were somewhat less constant and smaller in degree in the present experi- 
ments than in those of Forbes and his co-workers on the pial circulation 

12. Fremont-Smith, F.: The Nature of the Cerebrospinal Fluid, Arch. Neurol. 
& Psychiat. 17:317 (March) 1927. 
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is probably to be ascribed to the shock and trauma of the resection of 
cerebral substance, and to the less perfect control of pressure and tem- 
perature within the field in our preparations. The active changes in 
the caliber of the vessels appear to be adequate to explain the variations 
in the formation of spinal fluid under various conditions. 

It is difficult to say whether the alterations in the vessels of the floor 
of the ventricle following stimulation of the sympathetic nerve or admin- 
istration of histamine were active or passive in nature. They are, at 
any rate, further evidence of an alteration of rate of flow in the depths 
of the cerebral substance independent of systemic blood pressure.” 
It must be admitted, however, that the alteration is rather trifling. 


SUM MARY 

1. A method is described for studying the living choroid plexus and 
ventricular wall of the cat microscopically, measuring changes in vessels, 
staining various structures, observing the excretion of fluorescent sub- 
stances and recording results photographically. 

2. The capillaries of the choroid plexus have a characteristic wide 
lumen and thin walls. The epithelium covering them is thin, and no 
evidences of secretory activity could be observed. There is little dif- 
ference in color between arterial and venous blood in the choroid, 
Muscle cells and nerve fibers may be stained in the walls of the arteries. 

3. It is possible to stain ependyma, axons and glia cells in the 
ventricular white matter. It is exceptional to see arteries on the surface 
of the ventricle, and capillaries and veins are sparse. In general they 
run parallel to the axons. 

4. Fluorescein, when injected intravenously, appears as_ readily 
thiough the veins of the choroid plexus and white matter as through the 
capillaries. 

5. Stimulation of the cervical sympathetic nerve usually causes con- 
striction of the arteries of the choroid, and stimulation of the vagus 
nerve usually causes dilatation. Both effects may be independent of 
change in systemic blood pressure. 

6. Administration of epinephrine and of ephedrine causes a decrease 
in diameter of the arteries of the choroid plexus. Administration of 
pilocarpine and of histamine causes an increase in diameter. 

7. By photography it was possible to demonstrate a dilatation of 
capillaries of the white matter following administration of histamine 
and a constriction following stimulation of the sympathetic nerve. 

8. From the present observations it does not appear necessary to 
attribute to the choroid epithelium an active part in the formation of 
spinal fluid. Rather, it perhaps acts as an extra layer of filter material, 
which is absent from the other vessels in the subarachnoid space. 


EFFECTS OF STIMULATION OF SYMPATHETIC AND 
DORSAL ROOTS ON CONTRACTION OF 
SKELETAL MUSCLE 


H. G. WOLFF, M.D. 
AND 


McKEEN CATTELL, M.D. 


NEW YORK 


Stimulation of the sympathetic fibers to the smooth muscles of 
the blood vessels is known to influence their contractile function, nota- 
bly the degree of shortening (vasoconstriction and vasodilatation ). 
Stimulation of the dorsal roots has been shown to produce vasodilata- 
tion. Moreover, in skeletal muscle, stimulation of the sympathetic has 
been demonstrated to influence contractile function and, as in the case 
of smooth muscle, chiefly the degree of shortening. 

Orbeli' showed that effective stimulation of the appropriate sympa- 
thetic fibers to the gastrocnemius muscle resulted in an augmentation of 
the degree of shortening in response to indirect stimulation in about 
three fourths of his experiments, whereas in another fourth such stimu- 
lation produced a depression. Of all the experiments designed to 
obtain evidence on the influence of the sympathetic nerves on the con- 
traction of skeletal muscle, in few investigations has the isometric 
technic been employed. In isometric measurements of tetanus Orbeli * 
showed that greater tension was developed during sympathetic stimula- 
tion than otherwise. Charlet,* through an analysis of the photographic 
registration of the isometric contraction of “fatigued” skeletal muscle 
(frog), demonstrated that stimulation of the sympathetic fibers to skele- 
tal muscle caused an increase in the acuteness of the rise of the curve 
of isometric contraction. The period of ascension was shortened, and 
the height was increased. The duration of contraction, on the other 
hand, was not much influenced. 

Observations on isotonic contractions do not lend themselves to 
quantitative analysis, for the extent of shortening as measured by the 
isotonic lever is by no means proportional to the energy liberated. That 

From the New York Hospital, and the Departments of Medicine and Physi- 
ology, Cornell University Medical College. 
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one may be dealing with different conditions in the two cases is shown 
by the observation * that a muscle free to contract without a load liber- 
ates only about one fifth as much energy in response to a maximum 
shock as when its two ends are fixed at the resting length. The latter 
condition may be approached when a light isotonic lever is employed. 

The effects of stimulation of the sympathetic and the dorsal roots 
on the output of energy of skeletal muscle during activity has not been 
quantitatively investigated. The purpose of this communication is: 
(1) to define further the effects of stimulation of the sympathetic and 
the dorsal roots on the output of energy of skeletal muscle; (2) to con- 
sider the means by which such effects are produced, and (3) to evaluate 
their biologic significance. 

METHOD A 

The experimental subject was the frog (Rana pipiens). Since our 
purpose was to observe changes in functional activity in stimulated 
muscle, some means of measuring the total production of energy was 
desirable. The output of energy of muscular contraction is directly 
related to the initial heat and also to the tension developed. As already 
mentioned, shortening alone bears no quantitative relationship to the 
liberation of energy, since nearly maximal shortening may result from 
the contraction of a small percentage of the total number of muscle 
fibers. The interpretation of changes in shortening may thus be diffi- 
cult. Because of its relative simplicity the measurement of tension was 
chosen. For this purpose a strictly isometric system was essential. 


A tension wire lever with a knite-edge bearing of the type suggested by Sher- 
rington® was found satisfactory. In order to secure the greatest possible 
rigidity the muscle holder and the lever were constructed as a single unit, thus 
giving two fixed points between which the muscle was connected, movable only 
through the development of a pull on the torsion wire lever (fig. 1). The ten- 
dinous end of the gastrocnemius muscle was attached to the arm of the lever 
while the opposite end remained attached to its origin around the knee joint, the 
joint being firmly fixed in the muscle clamp. By turning a thumb-screw_ the 
position of this clamp was adjustable for the regulation of the initial tension 
applied to the muscle. The movements of the lever were photographically recorded 
through a beam of light reflected from a small mirror placed at the axis of rota- 
tion of the wire, thus permitting great magnification of small differences of mus- 
cular tension without distortion. The maximum deflection recorded on the 
photographic paper was about 70 mm., corresponding to a pull of 350 Gm. and a 
calculated shortening of the muscle of less than 0.05 mm. 

As shown in figure 1, a board was attached to the lever system so that the 
pithed or decerebrate frog could be fixed in position, dorsal side up, in proper 
relation to the recording muscle, with its nerve supply intact. In about 80 per cent 
of the animals the skin of the extremity was removed during preparation. Before 

4. Rothschild, P.: Biochem. Ztschr. 222:21, 1930. Cattell, McKeen: J. 
Physiol. 75:264, 1932. 

5. Sherrington, C. S.: J. Physiol. 70:101, 1930. 
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mounting on the board the various nerves to be stimulated were dissected free 
and made ready for the application of the electrodes. In every experiment the 
sciatic nerve in the thigh on one side was laid bare for the stimulation of the 
motor fibers to the gastrocnemius muscle; in experiments on the abdominal sympa- 
thetic chain the cord was pithed in every instance. The nerve trunk was exposed 
by a longitudinal slit through the body wall, made while the bony skeleton was 
elevated by means of a small hook. 

In the preparations for stimulation of the dorsal roots electrodes were applied 
either directly to the roots or, since this was likely to result in injury to the delicate 
structures, to the lower segments of the isolated spinal cord after section of all 
the motor roots and the sensory roots of the opposite side. The effects produced 


Fig. 1—Photograph of the arrangement of the frog and the apparatus in the 
experiments on stimulation of the sympathetic and the dorsal roots. The gastroc- 
nemius muscle (Rana pipiens) is shown fixed in place, below, by a pin through the 
joint and, above, by an inelastic thread to the isometric lever with its reflecting 
mirror. Note the screws below the platform by means of which the initial length 
and tension may be adjusted. One electrode is in place on the sciatic nerve, and 
the other is, in this instance, on the exposed dorsal roots. The skin covering the 
gastrocnemius muscle has been removed and the remainder of the lower part of 
the leg has been cut away. 


by the stimulation of this isolated portion of the spinal cord should then be the 
same as if the electrodes were applied directly to the dorsal roots. In certain 
experiments, in addition to the dorsal roots just mentioned, both the dorsal and 
the ventral roots above the level supplying motor fibers to the gastrocnemius 
muscle were left intact so that a stimulus applied to the spinal cord was eauivalent 
to the simultaneous stimulation of the preganglionic sympathetic fibers and the 
dorsal roots. 
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Much attention has been given to the matter of obtaining electric stimuli having 
the optimum characteristics for stimulation of the particular nerve fibers under 
consideration. For the test stimulus applied to the sciatic nerve it was essential 
that all the motor fibers be stimulated, but at the same time it was desired to 
minimize the effects on the sympathetic fibers. These requirements were met by 
applying maximal single shocks «* short duration at a slow rate obtained by means 
of condenser discharges in connection with a neon tube stimulator. By this means 
a series of shocks was applied to the nerve, each stimulus having a duration of 
less than 0.2 sigma at a rate of 30 per minute. On account of the longer time 
necessary to stimulate and the higher threshold of the sympathetic and dorsal root 
nerve fibers there is small probability that they were significantly affected by this 
procedure. 

For stimulation of the sympathetic fibers we used condenser discharges of 
greater duration and intensity, occurring at a greater frequency. This was accom- 
plished by means of a Palmer motor-driven commutator connected to the electrodes 
through a condenser having a duration of effective discharge of 2 sigmas at a 
frequency of approximately 40 per second, a rate which direct observation with 
the cathode ray oscillograph showed to be approaching the maximum carrying 
capacity of the “C” fibers in the frog’s sciatic nerve (appendix 22). The intensity 
of the stimulus was varied by means of a potentiometer placed in the circuit, and 
was usually adjusted to each preparation so as to give the maximum intensity of 
stimulation compatible with the absence of spread to neighboring nerves. 

In carrying out an experiment the usual procedure was to photograph a series 
of approximately fifty single twitches produced by the stimulation of the sciatic 
nerve as described. The rapidly repeated stimulation of the abdominal sympathetic 
chain or dorsal roots, as desired, was done while the twitches were being recorded, 
and ran concurrently during the production of from ten to fifteen twitches in the 
center of the series. In this way a series of twitches was recorded representing 
the tension developed by the muscle in response to single stimuli before, during 
and aiter stimulation of the dorsal roots or sympathetic fibers. 

The successful demonstration of the effects of such stimulation on the contrac- 
tion of striated muscle requires careful attention to detail, otherwise valid resul 
may not be obtained. In the course of the present investigation we have experi- 
enced and eliminated a number of difficulties. In the first place, a uniform series 
oft twitches is requisite. To obtain this the stimulating shocks must be extremely 
constant and of just maximal intensity. Stronger shocks or those of too long 
duration may give irregularities in the response (summation) owing to the setting 
up of more than one impulse. No reliance can be placed on results obtained with 
submaximal shocks, because of the danger of changing their effectiveness through 
influences arising from the second stimulating system, thus altering the number 
of fibers taking part in the response. In any case careful controls are essential 
to rule out possible interactions between the two systems, owing to capacity effects 
or otherwise. 

The spread of the tetanizing current applied to the dorsal roots or sympathetic 
nerves to neighboring structures may in several ways cause misleading changes 
in the tension of the twitch. Modification of the initial tension, either through a 
slight rotation on the pin fixing the knee joint or through the spread of the 
tetanizing current to some of the fibers innervating the gastrocnemius, has an 
important effect on the response. Any movement of the animal due to a spread of 
the current may also cause artefacts which have their source in a slight shifting of 
the nerve or muscles in the vicinity of the electrodes. 
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Hence the contractions had to be the response to impulses of maximal intensity 
of short duration, and the tension recorded during both quiescence and contraction 
had to be constant within narrow limits. Beside adequate shielding of the elec- 
trodes any mobility of the fixed insertion of the muscle and any movement of the 
neighboring muscles had to be eliminated. In several experiments the gastrocnemius 
muscle was completely isolated and connected to the remainder of the animal only 
through the sciatic nerve. 

\s a final step the validity of sympathetic and dorsal root effects was estab- 
lished by noting the effect of section of the nerve fibers distal to the site of stimula- 
tion, at the same time maintaining electric continuity. The persistence of 
augmentor or depressor effects under these conditions would, of course, invalidate 


any previous observations. 


Observations —The abdominal sympathetic chain, dorsal roots or 
both simultaneously were stimulated in 135 animals in the manner 


deseribed. In 59 animals the sympathetic fibers alone were stimulated ; 


Taste 1.—Stimulation of the Sympathetic Chain * 
Nulnber of 
Effect Animals Per Cent Comment 
\ugmentatior 2s 1s Average increase in 
8 tension, 6 per cent 
in 47 trials 
\ entatic ind depressio 
Average decrease in 
tension, 3 per cent 
Depression..... n 1? trials 
None 12 ( 
‘There were 59 technically successful experiments. 


in 35, the dorsal roots alone, and in 41, both were stimulated together ° 
(table 1). 


Stimulation of the abdominal sympathetic chain influenced the ten- 


sion developed in response to indirect stimulation in 47 animals, or 
about SO per cent of the instances in which it was tried. In about three 
fourths of the animals augmentation of the tension was observed. In 
the remaining fourth a depression of tension resulted. The results of 
these experiments are summarized in table 1. In the 41 animals in 
which both the preganglionic sympathetic fibers and the dorsal roots 
were stimulated about the same effect was observed. 

The augmentor effect had its onset from two to four seconds after 
the beginning of stimulation, and more or less gradually reached its 


maximum effect in from six to twenty seconds. Since contractions 


6. Both were simultaneously stimulated because of the possibility that sym- 
pathetic stimulation might magnify the depressor effect (Ginetzinsky and Orbeli: 
abstr., Ber. u. d. ges. Physiol. 44:108, 1928). No such influence was observed. 
Moreover, because of unsteadiness in the base-line due to contraction in neighbor- 
ing muscles, the results obtained were not completely satisfactory. 
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occurred at the rate of one in two seconds the onset of the effect can- 
not be precisely stated. The beginning and the peak may have occurred 
at slightly different times. However, since the variation was considera- 
ble no great weight may be attached to these relations. It was fre- 
quently, though not constantly observed, that the augmentor effect 
resulting from stimulation outlasted the period of stimulation by many 
seconds. No accurate determinations of the maximal duration of the 
effect were made. Usually all traces had disappeared after twenty 
seconds from the time of the end of the stimulation (in bloodless prepa- 
rations). A typical example of this effect is reproduced in figure 2. 
The augmentor effect, though sometimes elicited during the period 
when the muscle was fresh, was most frequently observed and was most 
marked when the muscle was fatigued. Thus more than two thirds of 
the effects observed were in muscles that had reached a tension on con- 
traction that was less than half the average original (fig. 3). The 
TABLE 2.—Stimulation of the Dorsal Roots * 
Number ot 
E ffect Animals Per Cent Comment 
Augmentation.... . 0 0 Average increase jr 


tension, 2.5 per cent 
in 2 trials 


Augmentation and depression ; ] 
Average decrease 
i) tension, 5.5 per cent 
Depression ree 4 60 in 26 trials 
None.. ] 7 


* There were 35 technically successful experiments. 


maximal increase in tension developed after the accessory stimulation 
was as high as 33 per cent, and averaged 11.3 per cent in fatigued 
muscle, whereas the greatest increase in tension in the fresh muscle was 
18 per cent (once) and the average only about 4+ per cent. The aug- 
mentor effect gradually declined with succeeding repetitions, and usually 
disappeared after the third or fourth repetition, although it was occa- 
sionally obtained even after eight repetitions. Clearly the magnitude of 
the adjuvant action of the sympathetic nerves is determined by two 
factors which are influenced in the opposite direction by functional 
activity (fatigue). The influence of the sympathetics increases as the 
contractions become subnormal, whereas the effectiveness of sympa 
thetic stimulation becomes less with repetition. In keeping with this 
the most striking results were obtained with the combination of a 
fatigued muscle with fresh (1. e., previously unstimulated) sympathet- 
ics; and when the muscle was fresh the maximum effect of sympathetic 
stimulation did not as a rule occur until after several trials, at which 
time there was some falling off in the tension of the twitch. The rela- 
tion of the augmentor effect to the capacity of the muscle to develop 


tension is shown in figure 3. 
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2—Photographic records of the results of stimulation of sympathetic 


Fig. 2. 
fibers on tension developed by skeletal muscle, gastrocnemius (Rana pipiens). 
The records read from right to left. The central group of contractions, marked 
by breaks in the base-line, represent the period during which the sympathetics or 
dorsal roots were stimulated. The earlier and later contractions of the series serve 
as controls. There were two second intervals between contractions. A is a record 
of the effect of sympathetic stimulation on fresh muscle; B, after the tension 
capacity of the muscle has been decreased by repeated contraction (fatigue); C, 


after still further repetition of contractions. (.1) When the sympathetic fibers 


were stimulated, augmentation was evident in two seconds, reaching its maximum 
in four seconds. The maximum tension developed was 245 Gm. (1 cm. = 50 Gm.), 


an increase of 6 Gm., approximately 2.5 per cent. Following the cessation of stimu- 


lation the tension on contraction gradually decreased during the subsequent control 
period. (B) The augmentor effect was apparent after the first two second inter- 
val. After fourteen seconds the tension developed by the muscle attained its 


maximum of 157.5 Gm., an increase of 14 Gm., or 9.75 per cent. It dropped at the 


end of the period of sympathetic stimulation, but the augmentor effect carried over 
to a lesser degree into the first half of the subsequent twenty second control 
period. (C) Here the effect was evident after two seconds. In four seconds the 
maximum tension of 92.5 Gm. was attained, an increase of 23 Gm., or 25 per cent 


of the tension developed in the control period. The effect gradually lessened, but 


carried over into the first of the contractions of the subsequent control period. 
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In the 35 animals in which the dorsal roots alone were stimulated, 
effects on the tension developed on indirect stimulation occurred in about 
60 per cent. In all these a depression in the tension resulted (table 2) 
Augmentation of tension alone never occurred, except once in combina- 
tion with depression. It was uncertain whether this single instance was 
not the result of stimulation by the overflow to adjacent rami com- 
municantes. 


@ 


PERCENT AUGMENTATION 


50 100 150 200 250 300 350 
TENSION IN GRAMS 


Fig. 3—A_ graphic representation of the augmentor effect of sympatheti: 
stimulation, with the percentage increase in tension plotted against the tensior 
(in grams) capacity of the muscle. The points on the curve represent the averagi 
of a total of 149 experimental trials. The first point on the curve is the averagt 
of 55 trials with the tension between 50 and 100 Gm. (11.3 per cent, 70.5 Gm.) ; the 
second is the average of 46 trials, with the tension between 100 and 150 Gm 
(6.77 per cent, 125.5 Gm.) ; the third is the average of 27 trials, with the tension 
between 150 and 200 Gm. (5.65 per cent, 171.5 Gm.) ; the fourth is the average of 
19 trials, with the tension between 200 and 300 Gm. (4.84 per cent, 230 Gm.), and 
the fifth is the average of 2 trials with the tension between 300 and 350 Gm. 
(4.4 per cent, 325 Gm.). The first point represents the tension capacity of a 
fatigued muscle, and the last one that of a fresh muscle. It is thus apparent that 
the augmentor effect was more frequently noted and more marked when_ thx 
muscle was fatigued. All frogs used in these experiments were Rana pipiens and 


were of approximately uniform size and weight. 
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The tension depression effect, whether as a result of stimulation of 
the sympathetic fibers or dorsal roots, had its beginnings as far as was 
determined in from two to six seconds of the onset of accessory stimula- 
tion and, in contrast to the augmentor effect, reached its maximum 
shortly after the stimulation began (usually within two seconds). The 
etfect grew gradually less with each succeeding contraction, and seldom 
lasted more than half (ten seconds) the period of stimulation, i. e., 
four or five contractions. Such effects are illustrated in figures 4 and 5. 

Again in contrast to the augmentor effect on tension, the depressor 
effect was seldom evoked when the muscle was fatigued. Thus about 
three fourths of the effects occurred when the tension developed in 
response to indirect stimulation was between 150 and 400 Gm., whereas 


only about one tenth of the effects were observed during periods when 


Fig. 4+-—Photographic record of the effect of stimulation of the dorsal roots on 
skeletal muscle gastrocnemius (Rana pipiens). The record reads from right t 
lett. After a control period of eight contractions with two second intervals 
between contractions the dorsal roots were stimulated. Immediately following the 
next two second interval there occurred a depression in the tension of contraction 
amounting to 7 Gm., or a decrease of 3.6 per cent of the tension of 195 Gm. devel- 
oped in the control period. The effect of the stimulation of the dorsal roots 


gradually became less during the period of indirect stimulation. 


the muscle was capable of developing a tension of about 50 Gm. 
(fatigue). The depressor effect, when it occurred in fatigued muscle, 
Was quantitatively not strikingly ditferent from that in the fresh muscle. 

In further contrast to the augmentor effect, which gradually disap- 
peared, and was often elicited even after seven or eight repetitions, the 
depressor effect was not observed after two or three repetitions. If it 
occurred at all in fatigued muscle it was never obtained the second time 
in the same preparation. 

Neither augmentor nor depressor effect was dependent on the integ- 


ritv of the circulation, since both were present in bloodless preparations. 
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On the other hand, the intact circulation did not interfere with the occur- 
rence of the effects previously described. 

It was our impression, though the matter was not adequately investi- 
gated, that in late winter and spring depressor effects could be more 
readily and constantly elicited, whereas augmentor effects seemed to be 


most strikingly obtained in the late spring, summer and early fall. 


C 


Fig. 5.—A photographic record of the depressor effect of the stimulation of the 
dorsal roots on the tension developed by the gastrocnemius muscle of Rana pipiens. 
The records read trom right to left. After a control series of ten contractions, with 
a two second interval between contractions, the dorsal roots were stimulated. In 
Al the depressor effect appeared within two seconds of the onset of the stimulation 
of the dorsal roots. In # the initial tension was increased and the experiment 
repeated. A slight contracture effect may here be noted in the raised base-line. 
The tension developed in the initial control period was 242 Gm., and the depression 
in tension was 9.5 Gm., or 3.9 per cent. In C the experiment was repeated as in B 
except that the dorsal roots were cut where they emerged from the spinal canal. 


The effect on the tension disappeared. 


Though our animals were retained in a fairly constant temperature, 
fluctuations in temperature alone, as the factor responsible for this 
variation, could not be ruled out. 
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It is clear from an examination of the tables that neither augmentor 
nor depressor effects could be obtained in every instance. 

Comment.—Several factors known to be partially responsible for 
this inconstancy will be considered. In the first place, the opportunities 
for damage to the nerve fibers through the manipulations of operation 
or stimulation and the inevitably long exposure are considerable. The 
state of the general nutrition of the animals, as well as the undetermined 
influence of season and temperature, already mentioned, also account 
for some variation. 

Because of the controversial nature of the subject matter, it was 
essential that considerable discrimination be exercised in the selection 
of acceptable evidence. This fulfilment of definite criteria reduced the 
number of “acceptable effects” to a figure which is probably lower than 
the true one. 

With stimulation of the dorsal roots there was occasionally, in the 
experiments in which the depressor effect was most marked, an increase 
in the initial tension. Such an increase was apparently not the result 
of an overflow artefact, since, instead of an increase in the contraction 
tension which follows an increase in the initial tension, there was in 
these instances a decrease. Such changes in the initial tension seemed 
more likely to result from the development of a slight contracture. 
However, the possibility of other interpretations did not justify definite 
conclusions, so (perhaps unwisely) experiments showing such effects 
were discarded. 

Another factor to be taken into account 1n discussing the inconstancy 
is the nature of the abdominal sympathetic trunk. In the first place it 
has never been demonstrated that the abdominal sympathetic chain con- 
sists solely of fibers of like function. In fact, if other evidence may be 
taken into account, the larger autonomic nerve trunks are not made of 
fibers of unitary function. 

Although the stimulation of the cervical sympathetic nerve in mammals is 
usually followed by vasoconstriction about the head, several exceptions have been 
observed. Dastre and Morat? found that stimulation of the cephalic end of the 
divided cervical sympathetic chain in the dog caused flushing of the lips and gums. 
The fibers responsible for the flushing were traced to their exit from the spinal 
cord through the anterior spinal roots. Langley and Dickinson’ confirmed the 
aforementioned findings. Carlson” reported that the stimulation of the cervical 
sympathetic nerve caused vasodilatation in the cat’s submaxillary gland. Stanton 19 
demonstrated that the majority of the fibers in the cervical sympathetic chain 
responsible for the effects observed by Carlson had their exit from the cord in the 


first thoracic ventral root. In our experience, however, this vasodilatation was 


7. Dastre, A., and Morat, J. P.: Systéme nerveux vasomoteur, Paris, G. 
Masson, 1884. 

8. Langley, J. N., and Dickinson, W. L.: J. Physiol. 11:265, 1890. 

9. Carlson, A. J.: Am. J. Physiol. 19:408, 1907. 

10. Stanton, H. M.: Proc. Am. Physiol. Soc., 1933. 
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closely related to the production of saliva, and followed a phase of vasoconstriction. 
Therefore, it is doubtful whether this particular type of vasodilatation is anything 
more than the result of heightened metabolism in the gland tissue. 

Again, stimulation of the splanchnic nerve or the abdominal sympathetic nerve 
in mammals usually causes vasoconstriction, yet Dale !! reported vasodilatation in 
the intestine on stimulating the abdominal sympathetic nerve after the administra- 
tion of ergotoxine (mammals), and Burn ?!2 demonstrated that, with any strength 
of stimulus—but especially with the weaker—a brief stimulation of the splanchnic 
nerve favored the appearance of a depressor effect in the hindlimbs, whereas a 
prolonged stimulation led to pressor effects. Moreover, Barry !° separated various 
strands in the splanchnic nerve of the dog and rabbit and stimulated them 
separately. He demonstrated both augmentor and depressor effects on the 
motility of the intestines, as well as vasoconstrictor and vasodilator effects, depend- 
ing on whether one or another of the isolated strands of the nerve were stimulated. 


Hartman, Evans and Walker '* were able by direct inspection of 
the sartorius muscle to observe only vasodilatation on stimulation of the 
abdominal sympathetic chain. It is conceivable that, whereas the stimu- 
lation of dorsal roots produces vasodilatation primarily in the = skin 
and superficial muscles, vasodilatation in the structures of the deep 
muscles results essentially from sympathetic stimulation. Since vaso- 
dilatation and contracture effect are closely allied, these observations may 
further illuminate why in some instances sympathetic stimulation pro- 
duced a depressor response. 

One further fact of importance should be recalled. Certain of the 
dorsal root fibers from the blood vessels of the skeletal muscle pass in 
transit from the periphery to the dorsal root ganglia via gray and white 
rami and the sympathetic trunks and ganglia.'” Moreover, fibers from 
which “C” wave action potentials have been obtained also course in the 
sympathetic chain." It is therefore conceivable that some dorsal root 
fibers, as well as others functionally allied, were being stimulated when 
the electrodes were placed on the sympathetic chain and that, conse- 
quently, in certain instances depressor effects neutralized or even dom- 
inated any coexistent augmentor factor. This type of phenomenon was 
observed by Loewi?? in the case of the frog’s heart when the vagus 
accelerans was stimulated. These facts, in addition to affording an 
explanation for a part of the inconstancy, clarify a disconcerting para- 


11. Dale, H. H.: J. Physiol. 34:163, 1906. 

12. Burn, J. H.: J. Physiol. 75:144, 1932. 

13, Barry, T.: Physiol. 752480, 1932. 

14. Hartman, F. A.; Evans, J. I, and Walker, H. G.: Am. J. Physiol. 81: 
482, 1927. 

15. (a) Observations of Langley, and Kuntz and Farnsworth, quoted from 
Hinsey, J. C.: J. Comp. Neurol. 44:87, 1927. (hb) Three Types of Fibers Going 
to Skeletal Muscle and Its Blood Vessels, The Vegetative Nervous System, Balti- 
more, Williams & Wilkins Company, 1930. 

16. Erlanger, J., and Gasser, H. S.: Am. J. Physiol. 92:43, 1930. 


17. Loewi, O.: Personal communication to the authors. 
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dox, namely, that depressor effects were obtained in about a quarter of 
the effective sympathetic stimulations. 

Nature of the Observed Effects of Sympathetic Stimulation on Con- 
tractile Function: One is immediately confronted with the fact that no 
satisfactory demonstration of the hypolemmal termination of sympa- 
thetic fibers on skeletal muscle is as yet available.'S Such a lack of 
anatomic contiguity would, on the face of it, appear to militate against 
the validity of the aforementioned effects on tension. However, on 
further examination this apparent dilemma is resolved. The humoral 
transmission of the effects of autonomic stimulation has been convin- 
cingly demonstrated and, though physical proximity of nerve endings 
and skeletal muscle may be absent, there may be substituted chemical 
intermediators soluble in the body fluids and capable of exerting an 
influence on contractile function. 

Cannon '’ drew attention to one aspect of the anatomic relation of 
muscle to nerve that has a bearing on the problem. Even in smooth 
muscle, in which the only connection with the nervous system is through 
autonomic fibers, the anatomic contiguity of sympathetic nerve endings 
and their effector end-organs is apparently not essential for the influence 
which the stimulation of the nerves exerts on the latter. For example, 


according to Stohr,?’ in the smooth muscles of certain organs that con- 
tract In response to sympathetic stimulation only about one fiber in per- 
haps a hundred is actually in contact with a sympathetic nerve ending. 
Since the majority of the muscle fibers may contract when these sympa- 
thetics are stimulated, and since there are no definite proofs of protoplas- 
mic bridges between cells, it is safe to infer that there is a humoral 
transmission of the effects of sympathetic stimulation to the muscle fibers 
not directly in contact with the sympathetic nerve endings. Though some 
doubt Stohr’s appraisal, leaving the question of the contiguity of smooth 
muscles and nerves an open one, there is no doubt about the fact that, 
even if one admits the hypolemmal terminations of some sympathetic 
fibers, at best but a fraction of skeletal muscles can have hypolemmal 
svmpathetic endings. 

The question of the humoral transmission of sympathetic effects 
may now be discussed. [Loewi *! deseribed the humoral transmission of 
the effects of stimulation of the accelerans of one frog’s heart on a 
second completely isolated heart used for testing. Finkleman ** demon- 
strated the humoral transmission of the effect of sympathetic stimulation 


18. Appendix 1 4. 

19. Cannon, W. B.: Science 78:43, 1933. 

20. St6hr, P.: Ztschr. f. Anat. u. EntwckIngsgesch. 78:555, 1926. 

21. (a) Loewi, O.: Arch. f. d. ges. Physiol. 189:239, 1921; (b) ibid. 193:201, 


22. Finkleman, B.: J. Physiol. 70:145, 1930. 
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on the frog’s intestine ; Cannon and Bacq ** described the humoral trans- 
mission in the cat of the effects of stimulating the caudal sympathetics 
to its own sensitized denervated heart ;, Lehmann *! presented evidence 
of a similar transmission in the frog of the effects of the stimulation 
of the sympathetics to the leg on an isolated heart; and Bain 2° showed 
that the effects of stimulation of the sympathetic fibers to the tongue 
were transmitted via perfusion fluid to a strip of rabbit's intestine used 
for testing. 

Such data and considerations make it conceivable that the augmentor 
effect on the tension developed in skeletal muscle through the stimula- 
tion of the abdominal sympathetic chain is brought about by means of a 
perfusible chemical intermediator. The elaboration of such a chemical 
intermediator about the sympathetic endings in the blood vessels of the 
skeletal muscle would cause this agent to enter the fluids of the tissue. 
Figuratively the chemo-active agent then enveloping the skeletal muscle 
could readily exert an influence on the contractile process.~” 

The mechanism whereby a greater development of tension is brought 
about is as yet not clear. There is evidence that the consumption of 
oxygen,”’ glycolysis,*> the splitting of phosphagen ** and other accelera- 
tions in metabolism are induced by sympathetic stimulation in skeletal 
muscle.*’ Moreover, Bozler *! observed an increase in the liberation of 
heat in resting muscle on sympathetic stimulation akin to the increases 
in the liberation of heat when the muscle was immersed in dilute solu- 
tions of epinephrine.*? Epinephrine is also known to overcome the 
effects of fatigue on skeletal muscle contracting *’ in response to indirect 
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stimulation, and, as indicated earlier, several workers, notably Loewi *' 
and Cannon,** have shown that one of the chemical intermediators of 
sympathetic stimulation resembles epinephrine in some of its other 
properties. The analogy is apparent, but conclusions as to the exact 
nature of the chemical intermediator of sympathetic stimulation are not 
justified.** 

In view of this and other evidence it seems probable that stimulation 
of the sympathetic nerve fibers to the blood vessels of skeletal muscle 
may alter the fluid or blood in the tissue in such a way as to change the 
muscular contractility. Thus the stimulation of certain sympathetic 
fibers enables skeletal muscle, especially with the onset of fatigue, to 
contract for a longer period and more forcibly.°“* This is in harmony 
with one of the functions of the sympathetics throughout the organism, 
which in broad terms of physiologic economy may be thought of as a 
means of furthering the development or the liberation of reserve energy. 

Dorsal Root Effects: The humoral transmission of the effects of 
sensory and dorsal root stimulation, functionally allied in some 
ways to the action of the parasympathetic,**:** have been described. The 
vasodilator substance resulting from the stimulation of the lingual nerve 
causes the rabbit's intestine to contract more frequently and forcibly, 
and increases the initial state of contraction or tension. The. agent 
resulting from stimulation of the chorda tympani,** besides inducing 
vasodilatation, causes contraction in the properly sensitized leech, causes 
the frog’s heart to decrease in the frequency and force of contraction, 
increases the frequency and force of contraction in the isolated strip of 
intestine and induces salivation. ‘The last three effects may be abolished 
if atropine has been previously allowed to act on the test organ or if the 
chemical intermediator is exposed to the action of organ extracts. 


Physostigmine heightens its activity. Thus, though its exact nature 1s 
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Biol. 78:297, 1923; Klin. Wehnschr. 11:1292, 1932. Bacq, Z. M.: Les propriétés 
biologiques et physio-chemiques de la sympathine comparées a celles de l’adrenaline, 


Lie 


‘oe, Belgium, H. Vaillant, 1933. 

35. (a) Feldberg, W.: Arch. f. d. ges. Physiol. 232:75, 1933; (b) ibid. 232: 
88, 1933. (c) Bain.25 

36. Kibjakow, A. W.: Arch. f. d. ges. Physiol. 228:30, 1931. 

37. Loewi.2!*® Engelhart, E.: Arch. f. d. ges. Physiol. 227:220, 1931. Bain, 
W. A.: Quart. J. Exper. Physiol. 22:269, 1932. 


38. (a) Babkin, B. P.; Gibbs, O. S., and Wolff, H. G.: Arch. f. exper. Path. 
u. Pharmakol. 168:32, 1932. (bh) Gibbs, O. S., and Szeléczey, J.: ibid. 168:64, 
1932. (c) Babkin, B. P.; Alley, A., and Stavraky, G. W.: Canad. M. A. J. 26: 
582, 1932. (d) Beznak, A.: Arch. f. d. ges. Physiol. 229:719, 1932. (¢) 
Henderson, V. E., and Roepke, M. H.: J. Pharmacol. & Exper. Therap. 47:193, 
1933. (f) Cattell, McK.; Wolff, H. G., and Clark, D.: Am. J. Physiol., to be 
published. 


2 4 


96 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


undetermined, its properties resemble in several regards those of acetyl- 
choline, a constituent of body tissue,*” including skeletal muscle.*” 

Attention has been called to the fact *' that vasodilatation following 
stimulation of nerves is frequently accompanied by a contracture effect 
in properly sensitized skeletal muscles in the environment of the dilated 
vessels, though the view that such contracture effects and vasodilatation 
are associated was expressed by Heidenhain, who observed their appar- 
ent correlation in the tongue. Further support for the conception that 
these effects are closely related comes from the evidence of Hinsey and 
Gasser. The latter based their studies on the work of [Erlanger and 
Gasser,** who observed that when the action potential of the dorsal root 
is recorded after high amplification, there appears in the photographic 
record of the potential a wave which is entirely separate from the main 
sensory wave. This wave was called “C,” and some of its physiologic 
constants and characteristics were defined. Hinsey and Gasser,*! using 
essentially the same method, observed on the leg of the cat that vasodila- 
tation resulting from stimulation of the dorsal roots and the Sherrington 
contracture effect following the stimulation of the partially degenerated 
sciatic nerve occurred coincidentally with the appearance of the C wave 
in the action potential. 

If, then, there is in general this correlation of vasodilatation and 
contracture in skeletal muscle, would not one be justified in postulating 
that the vasodilatation in response to stimulation of the dorsal roots and 
sympathetic fibers might also have its accompanying contracture effect ? 
In other words, may not the depressor effect observed on the stimulation 
of the dorsal roots and sympathetic fibers be akin to, or perhaps an 
aspect of, skeletal muscle effects, like those described by Vulpian, 
Heidenhain and Sherrington and more recently by Hitrisey and Cut- 
ting ? 
Acetylcholine when given in relatively concentrated solutions produces 
a contracture effect in the frog’s intact gastrocnemius muscle (appendix 
2C). When a dilute solution is perfused through skeletal muscle the 
ability of the latter to contract in response to direct stimulation ts 
depressed (Gasser and Dale). Hence it was planned, first, to determine 
whether the response to indirect stimulation was also depressed by dilute 
solutions, and second, to discover whether effects like those obtained in 
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response to the stimulation of the dorsal roots could be reproduced by 
this means. For, if similar effects could be produced when the muscle 
so perfused was indirectly stimulated, the depressor effect from the 
stimulation of the dorsal roots, regardless of its nature, might for con- 
venience be expressed in terms of acetylcholine. 


METHOD B 
The animal was prepared as for method A, except that Ringer’s solution 44 was 
perfused through the gastrocnemius muscle by means of a cannula in the abdominal 


aorta, allowing the perfusate to enter the femoral artery (unilateral) and emerge 


| 


ig. 6.—A photograph of the apparatus used in the perfusion experiment. On the 
extreme right is a constant pressure bottle connected by a rubber tube to a cannula 


entering the left femoral artery of the frog (Rana pipiens). A cannula leading 
irom the median abdominal vein conveys the perfusate after it has been through 
the leg. The frog is arranged on the adjustable board with electrodes on the 
sciatic nerve. The thumb-screw at the right end of the board permits of varying 


degrees of initial tension of the gastrocnemius muscle used when recording the 
tension developed by the contracting skeletal muscle. The contractions may be 
photographically recorded through the deflection of a beam of light into the open- 
ing of the camera. In addition, apparatus is illustrated to demonstrate the humoral 
transmission of the effects of the stimulation of the dorsal roots (experiments now 
being carried on). Suspended in a protective glass cylinder is an isolated frog’s 
heart with the cannula from the median abdominal vein leading into it. The apex 
of the heart is connected by a thread to an isometric lever with an attached mirror. 

44. This solution contains: Sodium chloride, 0.675 per cent: calcium chloride, 
0.02 per cent; potassium chloride, 0.015 per cent, and phosphorus, 10 mg. per 
hundred cubic centimeters, having a px of 7.2. 
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through a second cannula in the median ventral vein (fig. 6). After an adequate 
control period, with a constant rate of perfusion, graduated amounts of acetylcholine 
hydrobromide were introduced in the circulating fluid. Amounts varying from 
0.0001 to 0.001 mg. were so introduced in 15 frogs. 


Observations —Acetylcholine hydrobromide in) amounts approxi- 
mating from 0.0002 to 0.0004 mg. caused a depression in the tension 
developed, comparable in degree to that produced by the stimulation of 
the dorsal roots. mounts larger than this caused a decrease in the 
tension developed in response to indirect stimulation during the period 
preceding the onset of a greater or lesser degree of contracture. With 
the onset of the contracture there was usually a further decrease in 
tension developed in response to indirect stimulation. This depression 


was of a reversible nature, for with further perfusion with fresh Ringer’s 


Fig. 7.—A photographic record of the effect of a strong solution of acetyl- 
choline hydrobromide on the tension developed by skeletal muscle gastrocnemius 
(Rana pipiens) as a result of single shocks applied to the sciatic nerve. The 
record reads from right to left. The interval of time between contractions was 
twelve seconds. The perfusion apparatus was operated so that a control period ot 
stimulation of the sciatic nerve during a preliminary perfusion of the frog’s leg 
with Ringer’s solution could be recorded. After the third contraction 0.3 cc. of 
a solution of acetylcholine hydrobromide (1: 100,000) was added to the perfusate 
at the point at which it entered the femoral artery. Within thirty-six seconds a 
depression resulted in the tension developed by the contractions of the frog’s 
gastrocnemius muscle, followed by a short contracture effect (seen in an eleva- 


tion of the base-line). 


solution the muscle gradually regained its ability. to respond with 
greater development of tension though it did not return to the level 
which preceded the perfusion of acetylcholine. A photographic record 
illustrating a typical response is reproduced in figure 7. With concen- 
trated solutions or when the rate of perfusion was rapid, the contracture 


effect was not preceded by a phase of depression. 


| 
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Comment.—W ith the method utilized here weak concentrations of 
acetylcholine hydrobromide produced depressor effects that chronolog- 
ically preceded or occurred independently of the contracture effect. It 
is conceivable, however, that a technical artefact was responsible for this 
dissociation. The relative rigidity of the tension lever (1 cm. = 50 
Gm.) might interfere with the photographic recording of minimal con- 
tracture effects. 

At all events, weak solutions of acetylcholine hydrobromide 
depressed the response to indirect stimulation, and the effect produced 
thereby resembled that obtained in response to the stimulation of the 
dorsal roots and, in some cases, of the abdominal sympathetic chain. In 
fact, the depressor effect may be quantitatively expressed in terms of 
acetylcholine hydrobromide, especially since the effective quantities are 
physiologic, and are comparable to those obtained on stimulation of the 
chorda tympani (up to 0.0001 mg. ). 

In the light of the aforementioned demonstrations, so plainly indica- 
tive of the humoral transmission of the effects of the stimulation of the 
dorsal roots, here, also, anatomic contiguity of skeletal muscle and nerve 
fibers is of no fundamental importance to an understanding of the 
influence which the latter exert. As with the sympathetic effect phenom- 
ena of humoral transmission make anatomic contiguity of minimal 
significance. 

An objection to the thesis that the augmentor and depressor effects 
observed are the result of of a humoral transmission of chemical inter- 
mediators arises from the lack of proof that those chemical intermedi- 
ators that produce the vasoconstriction, vasodilatation and other described 
effects are also the agents responsible for the observed alterations in the 
output of energy of skeletal muscle. It is possible that they take no part 
whatever in these augmentor and depressor effects. However, it seems 
reasonable to infer, since these intermediate substances resemble agents 
(epinephrine and acetylcholine) capable of producing the described 
effects on skeletal muscle, that they do so in the experiments recorded 
here. 

The possibility that the observed effects of the stimulation of the 
dorsal roots and sympathetic fibers result only from the action of these 
fibers on the cutaneous vessels of the leg is not great, since it 1s known 
that the stimulation of dorsal root fibers causes vasodilatation not only 
in the cutaneous vessels, but also in the muscles of the extremities 
(appendix 2.1). (The evidence for mammals on which this statement is 
hased is a single experiment performed by Bayliss and criticized by 
Langley |]. Physiol. 58:49, 1923]. The evidence for amphibians has 
remained unchallenged.) Moreover, in about 80 per cent of the experi- 


ments the skin of the leg was removed during preparation. 


e 
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The biologic significance of such effects may now be further con- 
sidered. That of the augmentor effect on skeletal muscles needs no more 
comment. It 1s evident that the utilization of an accessory means for 
increasing the output of energy might add to the effectiveness of the 
muscle during stress. On the other hand, the significance of the 
depressor effect is less apparent. Two alternative hypotheses present 
themselves. 

The first of these is that the depressor effect is the physiologic antag- 
onist of the augmentor effect, just as in the heart the vagus and the 
accelerans have opposite effects on the rate and force of the contractions. 
This conception seems untenable for the following reasons: The vagus 
and accelerans exert an influence on an organ with inherent rhythmic 
contractions, and modulate an independent or autonomous activity. In 
the case of skeletal muscle autonomous activity is minimal if not absent. 
Contraction is initiated from the distal nervous system. It is easy to 
understand how an agent that would make available sources of energy 
under circumstances of prolonged or excessive activity would be profit- 
able, but one that would decrease the effectiveness of a spinal impulse 
would seem to have little part, since the muscle spontaneously relaxes 
when there are no impulses of central origin. 

\ second theory is that the depressor effect is one aspect of a con- 
tracture effect, and that the latter 1s merely an incident 1n the course of 
the action of the vasodilator agent (appendix 2). It is apparent that 
considerable amounts of the vasodilator agent are elaborated during 
stimulation of the dorsal roots, and it might well be that during the 
consequent short-lived contracture the muscle becomes incapable ot 
developing its maximal tension. In other words, it would seem that 
the depressor effect is related to the Vulpian-Heidenhain-Sherrington 
phenomenon, in the sense that vasodilatation is accompanied by the con- 
tracture effect on stimulation of the chorda tympani or partially degen- 
erated sciatic nerve. It is questionable whether the skeletal muscle 
effects produced under such relatively unphysiologic circumstances are 


comparable to any that might occur under ordinary conditions. 


CONCLUSIONS 


1. The influence of the stimulation of the sympathetic fibers and 
dorsal roots on the tension developed by skeletal muscle in a series of 
single contractions was quantitatively determined by means of an iso 
metric system and photographic recording. In 135 frogs (Rana pipiens ) 
the gastrocnemius muscle, deprived of its blood supply and. stimulated 
through its sciatic nerve, was utilized as test object. 

2. The tension developed in response to single shocks applied to the 
sciatic nerve was influenced by the stimulation of the abdominal svimpa- 


1 
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thetic trunk in about 80 per cent of the 59 animals in which it was tried. 
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Augmentation resulted in three fourths of these, especially on “fatigue,” 
when the increase in tension averaged about 10 per cent. In the remain- 
ing fourth the tension was depressed on sympathetic stimulation. 

3. The tension developed in response to single shocks applied to the 
sciatic nerve was influenced by the stimulation of the dorsal roots in 
about 60 per cent of the 35 animals in which it was tried. Depression 
occurred in all these. The decrease in tension on stimulation of the 
dorsal roots, and of the sympathetic when it occurred, was about the 
same, and averaged from 3 to + per cent. 

4+. These augmentor and depressor ettects probably do not result 
from direct nerve action but more likely from the humoral transmission 
to the muscle of intermediate substances, elaborated during the stimula- 
tion of the sympathetic and dorsal root fibers, which make the muscle 
either more or less capable of contraction. 

5. In magnitude the depressor effect on the contraction of skeletal 
muscle of the stimulation of the dorsal roots was equivalent to from 
about 0.2 to 0.4 gamma of acetylcholine hydrobromide. 

6. The biologic significance of such effects has been considered. 
That of the augmentor effect on skeletal muscle, providing as it does a 
means for increasing the output of energy, might add to the effectiveness 
of the muscle. On the other hand, the dorsal root depressor effect on 
skeletal muscle would appear to be an incident in the action of a chemical 
intermediator primarily concerned with vasodilatation. It 1s questionable 
whether the effect produced on skeletal muscle plays any significant part 
in the normal economy of the organism. 


APPENDIX: RESUME OF THE LITERATURE 
THE SYMPATHETIC AND CONTRACTION OF SKELETAL MUSCLE 
A. Sympathetic Fibers Ending on Skeletal Muscle.—It has been held by some 
investigators, notably Kulchitsky,#° Boeke,*® Dusser de Barenne,#? Kuntz and 
Kerper,?’ and Agduhr,*? that sympathetic fibers end hypolemmally on_ skeletal 
muscle fibers. Others have been unable to confirm these observations (reviews by 


Hinsey 25% 5°> and Hines *!). 
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Hinsey 1%» epitomized his experience as follows: 

“The postganglionic neurones in the ganglia (sympathetic) give rise to the 
postganglionic fibers which may be myelinated or unmyelinated. They pass out 
over the gray rami to the spinal nerve and reach the vessels of the muscles by way 
of the twigs or branches of the peripheral nerves to form the vascular plexus. 
The author has never seen these fibers leave the vascular plexus to end hypolem- 
mally in skeletal muscle fibers. . . . The objection may be raised that the 
staining technique used in the negative results has been unsuitable to stain the 
sympathetic accessory fibers. Cajal and Tello, using the Cajal silver method, have 
been unable to demonstrate them. Woollard has been unsuccessful with the gold 
chloride, Bielschowsky and methylene blue methods in all the muscles of the 
mammals he used, with the possible exception of the external ocular muscles. 
Hinsey has been unable to demonstrate them with the pyridine silver method in the 
small muscles of the hind foot of the cat. It would seem that if they were present, 
some of these observers would have seen them.” 

Wilkinson,°? in critically analyzing the Boeke material, concluded that the 
available evidence did not warrant postulating a sympathetic origin of certain of 
the nonmedullated fibers. Tower,°* using the methylene blue and the Bielschowsky 
stain on muscles of the limbs of the cat, dog and goat, studied normal muscle 
and muscle after various experiments on degeneration of the nerves. She observed 
that skeletal muscle was supplied only by medullated nerve fibers or nonmedullated 
branches of such. The nonmedullated fibers of sympathetic origin on blood vessels 
in no instance connected with skeletal muscle (the frog may offer an exception to 
this general statement). Tiegs,°4 studying the reptile, also concluded that non- 
medullated nerve fibers ended only on blood vessels. Such nonmedullated nerve 
fibers as were found connected with skeletal muscle were not of sympathetic origin. 

In brief, the situation 1s somewhat as follows: Whereas most authors agree 
about two basic observations, namely, that occasional hypolemmal unmyelinated 
fibers do exist and that such fibers may have a double origin, arising from either 
the sympathetic or the somatic nerves, disagreement centers about the identification 
of these hypolemmal terminations. Some claim that they can distinguish clearly 
between these nerve endings; other competent investigators emphasize that no such 
differentiation is possible; and still others are convinced that all terminations on 
skeletal muscle, whether myelinated or unmyelinated, are of somatic origin. 

No final conclusions may be drawn, though the bulk of satisfactory evidence 
would make it appear as though, with possible rare exceptions, skeletal muscle 
and sympathetic fibers are not contiguous. 

B. The Autonomic Nerves and the Structure of Skeletal Muscle—The question 
of the influence of the removal of sympathetic and parasympathetic fibers on the 
structure of skeletal muscle, though antedating Kuré, took on definite form with 
his reported observations (Ranson **). Kuré reported finding changes in skeletal 
muscle of the dog after appropriate sympathetic nerves had been removed. The 
alterations, he believed, resembled those seen in progressive muscular dystrophy 
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in man. Kuré °? described similar changes in the muscles of the face, neck and 
arm of man after cervical sympathectomy. He subsequently reported *8 that the 
dorsal root ganglion also had a function in the maintenance of the proper structure 
of its appropriate metamere. 

Kerper °® studied the skeletal muscle of the cat and the dog and noted a general 
reduction in the diameter of the fibers and in the number of nuclei after sympath- 
ectomy. Hartman, Evans, Malachowski and Michalek © reported visible altera- 
tions in the structure of skeletal muscle, even on stimulation of the sympathetic. 
Gaissinsky and Lewantowsky ®! observed the loss of longitudinal and cross stria- 
tions and hyalinization in skeletal muscle following sympathectomy. Feldberg 
and Nevin 6 were unable to detect any such changes. 

Tower © investigated the cat, dog and goat, and, after unilateral sympathectomy, 
compared the two sides at various periods ranging from one month to two years. 
The Bielschowsky method was used. It was observed that the staining reaction 
was equally intense on the two sides, the longitudinal and cross striations were in 
no way different, and there was no increase in the size or number of nuclei. The 
connective tissue was not increased, and, contrary to the observations of Kerper, 
measurement of the diameters of large numbers of muscle fibers revealed no differ- 
ence on the two sides. Tower,** after isolation of the dorsal root component by 
removal of the sympathetics and section of the ventral roots, found fibers ending 
in the spindles and in connective tissue and occasionally running along blood ves- 
sels, but none was seen ending hypolemmally or epilemmaly on an ordinary muscle 
fiber. Though the existence of efferent nerves of the dorsal roots could not be 
denied from these experiments, it could be definitely demonstrated that their removal 
caused no change in the structure of the skeletal muscle. In 1931 Tower further 
investigated Kuré’s thesis, and was unable to lend support to his concept of triple 
innervation. Moreover, Tower ® confirmed her former observations that the 
removal of the sympathetics had no effect on the structure of the muscle spindle. 

The best evidence, then, would make it appear as though the structure of skeletal 
muscle was in no way directly influenced by the presence or absence of the sympa- 
thetic or the dorsal root fibers. 

C. “Tone” and the Sympathetic—Though not the first to investigate this prob- 
lem, de Boer 6® started a wave of interest that has not yet lost its impetus. He 
and others after him noted that when the rami communicantes or the abdominal 
sympathetic chain were removed, there was a loss of tone in the corresponding 
limb. This decrease was usually determined by approximating the resistance to 
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passive stretch or by noting whether a sympathectomized limb hangs lower when 
the animal is suspended in the air. Experiments were performed on amphibian 
and mammalian forms, and no unanimity as to the effect of sympathectomy on tone 
was attained. Gradually, as the true nature of tone was appreciated, the claim 
that the sympathetic had any significant direct influence lost ground. It is difficult 
to interpret many of the experiments devised to demonstrate the role of the sym- 
pathetics in the maintenance of muscle tone. 

For a time tone was loosely formulated by some as a separate and_ specific 
entity or physiologic process permitting of separate determination (Adrian,*7 
Cobb,°® Walshe,*S Hines,*! Fulton and Cobb and Wolff 26). Since it is in 
fact, to use Sherrington’s words, part and parcel of ordinary motility—a mani- 
festation of the ordinary rhythmic neuromuscular activity by which all other acts 
involving neuromuscular activity are executed—experiments born of a point of view 
diametrically opposed must be difficult to interpret, and can settle nothing. More- 
over, states of persistent contraction, rigidity, tautness or slackness or resistance 
to passive stretch, which after all are the qualities measured, do not lend themselves 
to precise definition. As Hines 5! expressed it, “*Tone’ has no scientific limiting 
definition, nothing for instance which matches the physically circumscribed concept 
of force or mass. And until then we see that which is true of tonus through a 
glass darkly.” 

In a series of seven goats Mortensen, Friedbacher and Quade ®* were unable to 
demonstrate any changes in tone in the hindlimb of the goat following removal of 
the second to the fifth lumbar sympathetic ganglia. 

More recently Tower and Hines 7° reinvestigated the effect of sympathectomy 
on tonus. In a series of 5 goats, one forelimb was deprived of its sympathetics. 
Normal posture, gait and tonus were observed for a period of from thirty to sixty 
days following the operation. The animals were decerebrated at the end of this 
time, and the rigidity subsequent to such a procedure in no way differed on the 
two sides. Furthermore, no atrophy or alteration in the trophic state of the 
muscle was observed. The conclusion drawn was that tonicity studied as a com- 
ponent of the total function of muscle is in no direct way dependent on an intact 
sympathetic innervation of the muscle. 

It these experienced investigators find no definite influence of sympathectomy 
on tone one would seem justified in accepting their conclusions. However, it must 
be emphasized that until a more precise or quantitative analysis of tone is possible, 
its use as a criterion of the influence of the sympathetic, or of any other element, 


on contractile function should be avoided. 


D. Red and White Muscle Fibers and the Sympathetic.*!—Based on the amount 
of pigment, it has been convenient to divide skeletal muscle fibers roughly into 
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two groups, namely, red and white muscle fibers. It has been noted that those 
muscles in the contractile unit called on for quick contractions are richer in the 
pale fibers, whereas the red are found more abundantly in those muscles involved 
in slower, more sustained contractions, though all muscles contain both types of 
fibers. This difference in distribution gave birth to the conception that the red 
fibers, having a particularly important part in the maintenance of posture, had a 
special innervation. It was then postulated that sympathetic fibers subserved this 
function. Subsequent experimentation has completely undermined the foundation 
for any such concept. 

E. Sarcoplasm and the Sympathetics (reviews by Hines,°*! Fulton,®® Denny- 
Brown,*!# and Needham *!»).—Bottazzi ** formulated the thesis that the sarcoplasm, 
as distinguished from the sarcostyles, contracts more slowly and maintains a con- 
traction longer; that the sarcostyles produce a quicker or phasic contraction, which 
the sarcoplasm maintains. Therefore, fibers containing great amounts of scarcoplasm, 
such as the red fibers of skeletal muscle, would be more instrumental in maintaining 
sustained contraction or “posture.” He went further and prognosticated that these 
two sets of contractile units would be found to have different types of innervation, 
and that the usual somatic innervation was primarily involved in the function of 
the sarcostyles. Boeke,4® de Boer ®® and Langelaan ‘4 espoused this concept, but 
postulated that the sympathetic fibers were responsible for sarcoplastic contraction. 
Bottazzi,?°> however, dissented from such use of his data and views, and never 
accepted the claim that the sympathetic exclusively innervates the sarcoplasm or 


is a factor in the maintenance of tonus. No convincing evidence to substantiate 


any of these views has been forthcoming. 

I’. Fatigue and the Sympathetic—Hunter *® noted that after cutting the sympa- 
thetic chain cephalad to the first thoracic segment in sea gulls and fowls the fixed 
position of the flexed wing could not be maintained, nor could the birds fly any 
distance without showing considerable fatigue. Kuntz and Kerper ** repeated these 
experiments, using fowls and pigeons, and confirmed the observations of Hunter. 

However, Tower ** removed the stellate ganglion on one side in dogs. When 
these animals were run in a motor-driven treadmill no difference in fatigue between 
the two legs was observed. In fact, “the difference present at the end of the third 
mile was lost by the ninth or twelfth.’ Campos and his co-workers *® also failed 
to observe any influence of the sympathetic on the development of fatigue in animals 
run in a treadmill. 

“Fatigue,” even if it could be accurately measured in the acts of running and 
flying, which is doubtful, is an unreliable criterion of the influence of the sympa- 
thetic on skeletal muscle. In other words, whether an animal does or does not 


show more ready fatigability in a sympathectomized leg justifies no conclusions as 
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to the role of the sympathetic on contractile function. In the first place, the fatigue 
of a running or flying animal is just as likely to be the expression of a “central” 
as of a “peripheral” failure. One may question whether the onset of muscular or 
myoneural fatigue ever precedes that of cord or suprasegmental synapses, and 
(when both are present) how central fatigue may be disentangled from peripheral. 
It is conceivable that, during prolonged effort or under great stress, greater 
amounts of blood-borne substances, such as dextrose and epinephrine, could com- 
pensate for a lack of sympathetic influence in the sympathectomized limb. These 
substances might be as effective in augmenting the contraction of skeletal muscle 
as the presence of a local sympathetic structure in the vicinity of the skeletal 
muscle fiber. 

Experiments uitilzing fatigue in the acts of running or flying as criteria for 
testing the influence exerted on skeletal muscle by the sympathetic are not accept- 
able. In contrast to the fatigue of running or flying, that occurring in isolated 
muscle-nerve preparations is less lable to misinterpretation. 

G. Action Potential, Skeletal Muscle and the Sympathetic —The influence of 
the sympathetic on the action potentials of skeletal muscle has also been investi- 
gated. Controversial results have been obtained by this method, at best complicated 
and difficult to interpret. Schneider,*® investigating in the frog, observed no 
change in the curve of muscular contraction in response to a single nerve impulse. 
Furthermore, during a single twitch, the action potentials of skeletal muscle wert 
1ot influenced as to form, height, duration or frequency by the supplementary 
stimulation of the sympathetics. On the other hand, Haller,s! by means of an 
oscillograph and amplifier, studied the action potential during the reflex contraction 
of the decerebrate frog. He reported that on the sympathectomized side the action 
currents were smaller and ot shorter duration and often of lower frequency than 
on the intact side. 

The interpretation of these results is not simple, and the use of this method 
to throw light on the physiology of the sympathetic nerves would seem to offer 
no advantages. 

H. Shortening of Skeletal Muscle and the Sympathettc—The shortening of 
skeletal muscle, though a less satisfactory criterion than tension or the development 
of heat, is nevertheless a better index of contractile function than fatigue or tone. 
Its weakness lies in its crudeness, since shortening is a poor expression of the 
liberation of energy. 

The original observations of Orbeli 82 were confirmed by Maibach,** Labhart,*2# 
and Nekrassow and denied by Wastl,*° Bernhard,*® Schneider and Wazadse.** 


Baetjer 5° measured isotonic contractions in the cat before and after sympatheti 


stimulation and, except in those cases in which vasoconstriction overcame. the 
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effect, the stimulation of the sympathetic was associated with an increase in the 
shortening, especially when the muscle was fatigued. Gedewani®® observed the 
effects described by Orbeli but presented an alternative explanation; namely, when 
in bloodless preparations the blood which has remained in the larger vessels is 
suddenly pushed into the capillaries by the constriction of the vessels resulting 
from sympathetic stimulation, there follows a resultant augmentation in the con- 
tractile function of the muscle. Michol *2 observed in curarized frogs, after 
fatigue had set in through repeated direct stimulation of the muscle, that stimula- 
tion of the sympathetic again restored contraction of the muscle or increased its 
degree of shortening on direct stimulation, whereas stimulation of the spinal nerve 
to the muscle still produced no contraction. From this it was concluded that the 
sympathetic effect could not be due to restoration of the end-organ. Further, the 
lower thoracic region and hindlegs of the frog were perfused with a calcium-free 
solution of sodium chloride. The thesis was, that, since such a calcium-free per- 
fusate prevented contraction when single induction shocks were applied to the 
nerve, but allowed contraction when the nerve was tetanized, it might be possible 
(if the sympathetic acts on the end-organ) that even single shocks would produce 
a contraction if applied immediately after the sympathetic had been stimulated. 
Since no such contraction was produced it was concluded that the sympathetic 
effect was on the muscle itself rather than on the end-organ. Interpretation of 
these experiments is difficult. In 1933 Corkill and Tiegs 2» were unable to con- 
firm Michol’s claim *2) that recovery effects were produced on direct stimulation. 

Voser °° noted that the degree of shortening of repeated reflex contractions 
was decreased sooner on the side operated on than on the normal side of the frog. 
Altenburger,®! by measuring the shortening of muscle in man, determined the rate 
of onset of fatigue on repeated contraction of the muscles about the upper lip 
through stimulation of the facial nerve after one-sided removal of the cervical 
sympathetic. He observed that evidence of fatigue appeared sooner on the side 
on which sympathectomy was done. 

Schilf and Sternberg *? noted in the cat that when the sympathetic in the neck 
is stimulated at the same time that the hypoglossus is stimulated, the shortening 
produced in the tongue is reduced; this effect is absent if the carotid is previously 
clamped off. This demonstrates, according to the authors, that such effect as the 
stimulation of the sympathetic has on contraction of skeletal muscle is through 
the influence on the circulation. Stimulation of the chorda tympani had no effect 
in either increasing or decreasing the shortening. On the other hand, in extensive 
and carefully controlled experiments, Corkill and Tiegs 26% confirmed Orbeli’s 
observation, in the bloodless gastrocnemius muscle of the frog. When the sympa- 
thetic nerve to isolated, fatigued skeletal muscle was stimulated, there occurred a 
recovery in the “strength of contraction.” This effect was obtained only in indi- 
rectly stimulated muscle. 

The last mentioned observations, together with those of Orbeli, Maibach and 
Baetjer, would seem to establish beyond question the fact that stimulation of sympa- 
thetic fibers does influence the degree of shortening in skeletal muscle, especially 
when the muscle is fatigued and when it is indirectly stimulated. 
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SUMMARY 


It is probable that sympathetic nerves do not end on striated muscle. Such a 
lack of anatomic contiguity does not militate against the validity of sympathetic 
effects, since abundant evidence has been adduced that stimulation of the sympa- 
thetic nerves to the vessels of skeletal muscles may alter the fluid or blood of the 
tissue in such a way as to affect the contractility. 

The question of the influence of the sympathetic nervous system on the contrac- 


tile function of skeletal muscle has been complicated by many authors who based 


their observations on criteria unfortunate for testing. Because of the difficulties of 
precise experimentation by these methods or of interpretation, their articles settled 
nothing, and obscured the issue with controversy. The failure of such inadequate 
criteria is no reason for postulating that the sympathetic exerts no influence on con- 
tractile function. The measurement of muscular shortening gave crude but signifi- 
cant results. The measurement of tension and the development of heat gave quanti- 
tative data. Such experiments unequivocally demonstrate that the autonomic nervous 


system exerts an appreciable influence on contraction in skeletal muscle. 


DORSAL ROOTS—VASODILATATION AND CONTRACTURE EFFECTS 

Until recently it had been generally assumed that the contracture effects of 
skeletal muscle, produced by stimulation of the partially degenerated mixed nerves, 
were the result of stimulation of fibers having their origin in the dorsal roots 
(Gasser 9° and Ranson®?). This opinion was based on the observation that on 
section and degeneration of the anterior or motor roots to skeletal muscle, stimu- 
lation of the remaining fibers in the mixed nerve to the skeletal muscle produced 
a contracture. Sherrington °+ concluded that sympathetic fibers played no impor- 
tant part in this particular function and van Rijnberk °° showed the effect to exist 
in animals on which sympathectomy was done. Investigators have found it tech- 
nically inconvenient to stimulate directly the dorsal roots after allowing some days 
for degeneration of the motor roots. The trying procedure of reoperating and 
stimulating the dorsal roots or spinal ganglia seems not to have been used until 
recently. A possible source of error lies in assuming that the results of stimulation 
of a partially degenerated mixed nerve are exactly the same as those of directly 
stimulating the dorsal root fibers. 

Though vasodilatation and contracture effects are commonly associated,4! the 
experimental evidence on these phenomena comes from two sources: first, evidence 
on the effects of actual stimulation of the dorsal roots on animals freshly operated 
on, and secondly, evidence on the effects of stimulation of a partially degenerated 
mixed nerve ten or more days after the motor component has been cut and allowed 
to degenerate. In the face of the aforementioned evidence that the sympatheti 
fibers contained in such a mixed degenerated nerve do not play a role, the inference 
that the contracture effect following stimulation of the partially degenerated nerve 
is due to the stimulation of the dorsal roots has recently been challenged.4* It may 
be well, therefore, to consider separately those effects known to be due to actual 
stimulation of the dorsal root fibers and those resulting trom the stimulation of 


mixed nerves. 


93. Gasser, H. S.: Physiol. Rev. 10:35, 1930. 
94. Sherrington, C. S.: J. Physiol. 17:211, 1894 
95. van Rijnberk, G.: Arch. neér. d. sci. exact. et nat. (ser. 3B) 2:496, 1915; 


cited by 


WOLFF-CATTELL—CONTRACTION OF SKELETAL MUSCLE 109 


Hartman, Blatz and Kilborn ®® confirmed the observations of Gaskell 97 and 
showed in addition that a thermometer inserted into the muscles of the leg regis- 
tered an elevation of temperature which often lasted more than an hour after the 
cut was made. They doubted whether such prolonged effects could be due to the 
stimulation of the cut ends of the sympathetic nerves. Doi’ showed in the frog 
that stimulation of the dorsal roots causes dilatation in both the arteries and the 
capillaries of the leg. 

Krogh, Harrop and Rehberg °® showed that in the frog the vessels of the mus- 
cles, as well as the skin, took part in the vasodilatation that followed stimulation 
ot the dorsal roots. Though often slightly affected in comparison with the vessels 
of the skin, both capillaries and larger vessels of the muscles participate in the 
dilatation, and in one instance the vasodilatation was conspicuous. Bayliss 1° 
pointed out that the vasodilator effects that followed the stimulation of the distal 
ends of the cut dorsal roots failed to disappear when the roots were cut between 
the cord and the ganglion, but did disappear when the dorsal root ganglia were 
removed. Bayliss, investigating the dog and cat, observed that vasodilatation fol- 
lowing stimulation of the dorsal roots is not limited to the skin, since plethysmo- 
graphic records show an increase in volume even when the skin has been removed, 
though under the given experimental conditions this is not great. Krogh !°! observed 
in the frog that no degeneration takes place in the dorsal root ganglia when the 
posterior roots are cut between the spinal ganglia and the cord. Foerster !° 
demonstrated that stimulation of the distal end of the cut dorsal roots in man 
caused vasodilatation in the skin. This is metameric in distribution, corresponding 
to the appropriate cutaneous dermatome. Kuré and his co-workers  sum- 
marized their evidence for the existence of fine medullated fibers in the dorsal roots 
which have their origin in small nerve cells in the gray matter at the base of the 
dorsal horn of the cord. Kuntz and Farnsworth !"! described fibers passing from 
the dorsal roots to the gray rami in the regions ¢ 


f the spinal cord giving rise to 
sympathetic efferent nerves. Ranson, based on his own experience and that of 
others, concluded that it remains an open question whether or not there are efferent 
fibers in the dorsal roots. Gagel !°° reported efferent fibers in the dorsal roots. 
Heinbecker and O'Leary !°* reported that the vagus efferents to the heart, 
lungs and intestines are nonmyelinated, and originate in the nodose ganglion. 


There is no evidence of a synaptic function in this pathway through the nodose 
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ganglion. They concluded that in the case of the vagus nerve, motor fibers exist 
whose cells of origin are in the spinal ganglia. They challenged the concept of 
the antidromic effect of Bayliss, since the nodose ganglion, a true dorsal root 


ganglion, has motor cells. Hinsey !"7 repeated again the work of Kuré, and failed 
to find evidence of myelinated efferent fibers in the posterior roots of the cat. 

The conclusion is justified that stimulation of the dorsal roots causes vasodila- 
tation, chiefly in the skin and adjacent tissues and probably to a less extent in the 
underlying muscles. Vasodiiatation in the muscle itself is predominantly con- 
trolled by sympathetic fibers. Though there is no conclusive evidence to the con- 
trary, some doubt that the sensory cell in the dorsal root ganglion is also the cell 
body of the axon in the dorsal root which, when stimulated, produces vasodilata- 
tion. No final statement on this question, and whether there are efferent fibers in 
the dorsal roots, is justified at this time. 

A. Dorsal Roots and Vasodilatation.)°°—Stricker !°9 demonstrated that vascular 
dilatation occurred chiefly in the skin following stimulation of the peripheral ends 
of the cut dorsal roots of the limb plexus in mammals. Bayliss !!° confirmed 
Stricker’s observations. He concluded that the neuron or cell body of the nerve 
fiber, stimulated when dorsal roots were stimulated, was in the dorsal root ganglion. 
Experiments were performed on dogs and rabbits. After extirpation of the dorsal 
root ganglion stimulation of the mixed nerve caused no dilatation and only con- 
striction. Dale,!11 in studies on the toad, measured the diameter of fibers in the 
dorsal roots, and found that all were at least 5 microns or more, whereas the 
majority of those in the sympathetic chain were less than 5 microns. He con- 
cluded from this that in the dorsal roots examined no fibers had their trophic center 
in the spinal cord. Bayliss 1!¥ demonstrated that stimulation of the central end of 
the depressor nerve caused a depressor response, even after section of the abdominal 
sympathetic chain. From this he argued that the depressor effect resulted most 
likely from impulses passing over fibers in the dorsal roots. Pearce '!* demon- 
strated that stimulation of the appropriate dorsal roots of the frog caused vaso- 
dilatation in the leg. Gaskell '!!4 showed that section of the abdominal sym- 
pathetic chain causes a great increase in the flow of blood through the quadriceps. 

B. Contracture Effects from Stimulation of and 
Vulpian '16 noted that, after section and degeneration of the hypoglossal nerve, 
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stimulation of the lingual nerve caused contracture. The chorda tympani was 
found to be the effective constituent of the lingual nerve, for if the lingual’ nerve 
was stimulated proximal to the point of entrance of the chorda fibers, no such 
effect was observed. Heidenhain !!* further explored this phenomenon and reported 
that contracture effects began to develop between the fourth and sixth day and 
gradually increased to the eighth or ninth. The effects remained constant until 
about the end of the third week, then gradually disappeared, and were absent after 
from sixty-eight to ninety-eight days. By this time the hypoglossal nerve had 
again regenerated. In order to produce the contracture effect stronger stimulation 
was necessary than to produce contraction through the intact hypoglossus, and the 
effect came on only after a prolonged latent period, at least eight-hundredths 
second, or four times that required for contraction. Usually several tenths of a 
second were required. The duration of the effect was longer, and long outlasted 
the effect of the stimulation. 

Rogowicz 1!8 found that from twelve to fourteen days after he severed the 
facial nerve of the cat or the dog at the stylohyoid foramen, stimulation of the 
subclavian loops (cervical sympathetic) caused a contracture of the upper lip and 
at times of the orbicularis palpebrarum. 

Sherrington °* noted that forty-two days after section of those anterior and 
posterior roots which form the sciatic nerve, faradic stimulation of the partially 
degenerating sciatic nerve was followed by a slow, feeble, but steady dorsiflexion 
of the ankle and sometimes extension of the toes which outlasted the period of 
stimulation. He could not produce the effect if the nerve was crushed distal to 
the site of stimulation or if the dorsal root ganglia were extirpated. Van 
Rijnberk 119 repeated and was able to confirm the observations of the aforemen- 
tioned investigators. He noted also that the contracture effects in the leg could 
not be produced by the stimulation of appropriate sympathetic rami or the chain. 
Moreover, the effect was noted in animals in which the postganglionic thoraco- 
lumbar sympathetic fibers had been degenerated, and presumably only fibers cours- 
ing in the dorsal roots were present. 

Ginetzinsky and Orbeli !?° studied the influence of stimulating the cervical sym- 
pathetic fibers on the tongue contracture effect following stimulation of the lingual 
nerve. In these experiments the hypoglossal nerve was cut so that the sympathetic 
lerves running with the motor nerve were left intact. After the usual interval 
necessary for degeneration it was found that stimulation of the cervical sympa- 
thetic coincident with the stimulation of the lingual nerve or chorda tympani 
produced a greater contracture effect than in those instances in which the 
sympathetic had been removed. Hinsey 2! found small myelinated and unmyelinated 
fibers of dorsal root origin in muscle in which the ventral roots and sympathetic 
had been allowed to degenerate. These fibers do not, however, end hypolemmally 
in skeletal muscle but in the adventitia of the blood vessels and in the connective 
tissue between the muscle fibers. This would mean, according to Hinsey and 
Gasser,!22 that if such fibers are involved in the contracture effect their action 
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must be indirect, i. e., via a chemical intermediator. The fibers involved in the 
Sherrington phenomenon could not be exactly defined histologically except that 
they too are small. Hinsey and Gasser !2° determined that the fibers responsible 
for the Sherrington contracture effect, beside being of small size, have a high 
threshold and slow conduction. They have a velocity of conduction of about 2 
meters per second (so-called C wave). Fibers responsible for vasodilatation are 
in the same category histologically and functionally, at least as far as the action 
potential curves studied are concerned. They further showed, contrary to what 
had previously been believed, that the presence of the dorsal roots connected with 
the spinal cord or the presence of the thoracic-lumbar sympathetic supply does not 
interfere with the development of the contracture when the distal end of the cut 
sciatic nerve is stimulated. In one instance, stimulation of the nerve to the muscle 
did not lead to the production of potential waves of a frequency corresponding to 
the rate of stimulation, although the muscle was in a state of contracture. Schaffer 
and Licht !24 analyzed the contracture effect from an electromyographic point of 
view and found it in no way similar to tetanus. 

Von Euler and Gaddum !2° investigated further the phenomena of the “canine” 
muscle described by Rogowicz.!'> They discovered that the fibers producing 
vasodilatation and contracture in the “canine” muscle are functionally closely 
related, and that there are two separate and distinct nerve pathways, both capable 
of producing the same effects: (1) sympathetic nerves with a synapse in the 
? 


superior cervical ganglion; (2) fibers not of sympathetic origin with a synapse 


in the sphenopalatine ganglion. Both sets of fibers pass to the region of the face 
involved through the infra-orbital nerve. 

Altenburger and Kroll,!"6 using the method of determination of chronaxia on 
the frog and the cat, reported that stimulation of the distal end of the cut dorsal 
roots caused a shortening of the chronaxia. If the animal was then decerebrated 
stimulation of the dorsal root caused a lengthening of the chronaxia. These effects 
were not influenced by shutting off the blood supply to the part. Sympathetic 
stimulation caused the opposite effect to that of stimulation of the dorsal roots. 
Brucke and Krannich!=* were unable to support the conclusions of Altenburger 
and Kroll. 

Bremer !25 noted that the gastrocnemius muscle in the frog (Rana temporaria ) 
presented a particular tendency to contracture on direct or indirect electric stimula- 
tion and with alkaloids. The better the state of nutrition of the muscle, the 
stronger was this tendency. The chronaxia of the gastrocnemius muscle during 
contracture was about one hundred times that of ordinary contraction. Very briet 
direct electric stimuli of physiologic intensity, when applied to curarized muscle, 
though ineffective when applied singly, produced contracture through a summation 
of stimuli when repeated often enough and at an adequate interval. An optimum 
interval under ordinary circumstances was about +4 sigmas. In normal muscle, 
when indirect stimulation was employed a single stimulus was ineffective in pro- 
ducing contracture. Contracture produced with an optimum interval of +4 sigmas 
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presented a complete myographic analogy to the contracture elicited by the summa- 
tion of two direct stimuli on the curarized muscle. This neuromuscular contracture 
was lessened by fatigue, heat, atropine and related alkaloids. The monophasic 
electromyogram of the neuromuscular contracture consisted of a nonoscillatory 
negativity of the active electrode. The potential developed was feeble and in 
proportion to the tension developed by the contracture. On the electromyogram 
its appearance preceded the first manifestation of tension of the contracture. 
Bremer concluded that this type of contracture, produced through excitation of 
skeletal muscle, is apparently a primitive form of reaction of the muscle fiber 
connected with long chronaxia. It is characterized by its slowness of development 
and the dissipation of its excitatory process, its absence of wavelike propagation 
and its persistence throughout the duration of a galvanic stimulus. 

Hinsey and Cutting ** carefully designed experiments to control spread and to 
include all fibers of the thoracolumbar sympathetic supply to the femoral 
nerves. Contrary to previous experience (van Rijnberk) with the con- 
tracture effect produced by stimulation of the distal end of the partially degen- 
erated sciatic nerve in cats after section of the anterior roots, they were able to elicit 
contracture on stimulation of the postganglionic sympathetic fibers even when the 
dorsal root ganglia were extirpated, though never when the sympathetic chain 
was removed. On the other hand, they were unable, as were all before them, to 
produce the effect by stimulation of the preganglionic sympathetics. This observa- 
tion, if it is confirmed, will add a new significance to the sympathetic in the pro- 
duction of the Sherrington contracture effect. It is conceivable that here also, as 
pointed out by von Euler and Gaddum for the Rogowicz phenomenon, two separate 
and distinct nerve pathways are both effective in producing the same result. 
Why, however, the contracture effect could not be produced when the chain was 
directly stimulated is difficult to understand. 


C. Acetylcholine Contracture Effect’2°9—Frank, Nothmann and Hirsch-Kauff- 
mann ?%° demonstrated that after section of the motor nerve to a muscle acetyl- 
choline produced much the same contracture effect on the motor denervated muscle 
as the stimulation of the nerve previously described by Vulpian,!!® Heidenhain 137 
and Sherrington.’? The contracture effect was antagonized by large doses of 
hyoscine (not confirmed by Hinsey and Cutting '*!). Since the effect of acetyl- 
choline resembles the action of the parasympathetic, Frank pointed out that its 
effect 


n skeletal muscle is in keeping with the formulation that the parasym- 
pathetic nerve fibers exert an influence on muscle. He went further and postulated 
that this effect was on the tone of the skeletal muscle (a complete discussion of 
tone and the parasympathetic is given by Ranson *°). 

No inference concerning the innervation of an organ may be drawn from the 
action of chemical substances on that organ. To indicate the menace in such 
reasoning, it suffices to recall the reaction of the sweat mechanism to drugs 
(i. e., the stimulation of sympathetic fibers causes sweating, as does pilocarpine). 
Furthermore, the objections to the use of tone as a criterion for testing hold here 


as they did in the instances of the sympathetic and skeletal muscle. 


129. Gasser’s critical review °° also included a discussion of acetylcholine con- 
tracture effects. 
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Using the frog, in which contracture develops after the administration of acetyl- 
choline even without previous denervation, Riesser and Neuschloss 122 observed 
that atropine in larger amounts antagonizes the contracture-producing effect of 
acetylcholine. Physostigmine, in contrast, sensitizes denervated muscle to acetyl- 
choline so that the threshold dose of the latter becomes smaller.1%% Dale and 
Gaddum 1%4 observed that physostigmine enhances the contracture effects produced 
by the stimulation of nerves as well as acetylcholine, whereas it has no effect on 
contractures due to nonesteric substances (tetramethyl ammonium salts). Further- 
more, they observed that when atropine was applied directly to denervated mam- 
malian muscle, the acetylcholine contracture effect could be abolished, in contrast to 
the fact that atropine when given intravenously had no such effects. 

Riesser and Neuschloss,!*2 Hess and Neergaard,!®5 and Gasser and Dale 136 
noted no antagonistic effect between acetylcholine and epinephrine when both were 
applied directly to isolated frog muscle. Orbeli and Fiedelholz !%* had demon- 
strated that epinephrine had an adjuvant effect on the contracture of the tongue 
resulting from stimulation of the chorda tympani after hypoglossal section and 
degeneration, though Hinsey and Gasser 122 noted that epinephrine prevented the 
onset or decreased the tension developed in the Sherrington contracture effect. 
Dale and Gaddum 144 believed that they had resolved this dilemma of conflicting 
evidence by showing that in the Sherrington phenomenon there were two phases in 
the effect of epinephrine: (1) a depression, followed by (2) an adjuvant effect. 
Similar phases were noted by these authors in the relationship of epinephrine and 
acetylcholine. It is apparent that there are still unbridged gaps that stand in the 
way of a clear understanding of the Sherrington-sympathetic and the acetylcholine 
epinephrine relationships. 

The relationship between contraction and contracture as regards the expenditure 
of energy has been to some extent defined. Hartree and Hill!" demonstrated that 
the contracture produced by veratrine, which in certain respects resembles that 
caused by acetylcholine, was from the point of view of the liberation of heat no more 
efficient than a corresponding tension of lke duration developing in response to 
faradization of the motor nerve. They further demonstrated for contracture produced 
by caffeine that the heat liberated during the contracture is the same as that pro- 
duced in a corresponding tension developed from tetanus. Gasser and Dale !*6 anal- 
yzed the muscle in contracture and noted that the production of lactic acid during con- 
tracture caused by acetylcholine was comparable to that of a muscle in tetanus from 
faradic stimulation.!*"” Moreover, the effect of acetylcholine could be produced in 
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the absence of the posterior root ganglia, a fact not heretofore appreciated. They 
observed that curare in amounts sufficient to block indirect nerve action had no 
effect on contracture produced by acetylcholine (cat), whereas epinephrine had an 
antagonistic effect. Acetylcholine, even when present in amounts that produced a 
barely perceptible or even nonperceptible effect, reduced or abolished the ability 
of the muscle to respond to direct stimulation. Fatigue caused by acetylcholine 
rendered the muscle insensitive to further effect of the drug. Tetanization 
depresses the excitability to further electric stimulation, but does not appear to 
depress the ability to respond to acetylcholine (in the cat). In brief, according to 
these authors, there are certain differences between the denervated mammalian and 
fowl or frog muscle as regards their reaction to acetylcholine. In the denervated 
mammalian muscle acetylcholine is a powerful stimulant, decreasing the general 
irritability, and the muscle retains unimpaired its ability to react to acetylcholine 
when fatigued by tetanus. On the other hand, in the fowl and the frog the mem- 
bers of the nicotine-choline group stimulate the normal muscle weakly, leave its 
general irritability slightly but definitely affected, and become ineffective when the 
muscle is fatigued by tetanus. 

Certain differences between these acetylcholine effects and the Sherrington 
effect (cat) were reported by Hinsey and Cutting.'*! They observed that the 
Sherrington phenomenon could not be repeated within ten seconds. It did not, 
however, make the muscle refractory to direct stimulation. On the other hand, the 
Sherrington phenomenon could not be elicited in muscle that had been fatigued by 
direct faradization. Simultaneous stimulation of the abdominal sympathetic chain 
did not interfere with the production of the Sherrington phenomenon, nor did 
shutting off the blood supply. Moreover, atropine did not inhibit the effect. Crys- 
talline epinephrine incompletely inhibited the effect, whereas curare completely 
inhibited it. 

From these observations on the Sherrington phenomenon the latter would appear 
more to resemble the action of acetylcholine in fowl and frog muscle than that of 
acetylcholine on denervated mammalian muscle. However, as pointed out by 
Gasser and Dale,!*6 the recently denervated mammalian muscle, from the point of 
view of its reactions, forms a connecting link between the frog and the completely 
denervated mammalian muscle; what appears to be an absolute difference becomes 
a relative one. These authors agreed that there is no ground for assuming that 
the contracture depends on a special or alternative contractile mechanism, or that 
it responds to a second or parasympathetic innervation, as postulated by Frank. 
Hess and Butisch !4° suggested that contracture had an adjuvant effect in tetanic 
fusion. But Hill and his co-workers demonstrated that tetanic fusion is 
economically provided for by prolongation of the phase of relaxation with fatigue, 
an effective mechanism common to all vertebrates. 

Gasser ** pointed out that contractures seemingly diverse have features in 
common. Moreover, many reversible contractures in their essential chemistry 
resemble normal contractions. Many show the formation of lactic acid, splitting 
of phosphagen, the production of ammonia and all increased consumption of 
oxygen.!4! Furthermore, Bethe, Norpoth and Huf!** noted that iodo-acetic 
acid prevents the formation of lactic acid in contracture just as in contraction, 
indicating again the similarity of the two processes. 
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As Gasser emphasized, contracture differs from a normal contraction in that 
it is not preceded by a conducted disturbance. However, the available evidence 
favors the conclusion that in both a contraction and a reversible contracture the 
change in the length of tension involves the same fundamental mechanism. 

The structures involved in acetylcholine contracture effects have also been 
determined to some extent. Sommerkampf !4% showed in the frog that only certain 
fibers in the muscle react to acetylcholine, and that these fibers are present in 
different muscles in varying amounts, some being richly equipped and others 
meagerly. The fibers sensitive to acetylcholine, however, have not lost their ability 
to respond to electric or mechanical stimulation. 

Kruger, Duspiva and Furlinger,'44 on histologic examination, observed in 
muscles especially capable of reacting to acetylcholine certain characteristic fiber 
structures which they called Sdaulchenfelderuny. These fibers are found only in mus- 
cles that give a Tiegel contracture with supramaximal stimulation. On chemical 
analysis they have a minimal content of acid-soluble phosphate. Though their 
reaction to acetylcholine varies with the seasons (frog), the number of the tonic 
fibers does not vary correspondingly. 

Wachholder, Nothmann and von Lebedur '4° analyzed further the observation 
made by Sommerkampf concerning the reaction of various skeletal muscles to 
acetylcholine under the varying circumstances of life cycle and season. In animals 
in winter sleep the sensitivity to acetylcholine was less than during the waking 
season. Apparently many muscles lost their ability to react even minimally. There 
was also some seasonal variation in sensitivity in animals like the cat and the 
rabbit in which no true hibernation occurs. 

Plattner and Krannich '4® demonstrated that an ether-cleared alcoholic extract 
of the muscle of the frog contained a substance which had a depressor action on 
the frog’s heart. This was abolished by atropine. The muscle extract was neu- 
tralized by blood. It was not choline. Its concentration was greatest in the flexors 
and adductors of the fore extremities of the male and least in the extensors in the 
hindleg of the female. From the turtle a similar extract was obtained, greatest in 
amount from the retractors of the head and tail and least in the vastus and 
pectorales. Muscle extracts from the cat, dog and guinea-pig also contained such 
an agent. No relation between the amount of this pharmacodynamic extract in a 
muscle and the reaction of the muscle to acetylcholine was observed. Indirect 
stimulation caused the content of this potent material to be increased. 

Moreover, Minz,!4* using the muscle of the leech as a test object, noted that 
when it was sensitized with physostigmine the contracture in reaction to acetyl- 
choline was elicited in solutions from 1: 1,000,000,000 to 1: 20,000,000,000. Such 
a contracture did not develop in reaction to solutions of histamine, peptone, adenylic 
acid or epinephrine, and was not inhibited or complicated by the presence of these 
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Gibbs and Szeloczey *5® showed that during the stimulation of the chorda tympani 
in cats there was elaborated a chemical intermediator having many of the properties 
of acetylcholine. Also Feldberg,?** using the leech preparation of Minz as a test 
object, noted that if the chorda tympani nerve was stimulated after the hypoglossal 
nerve was allowed to degenerate there was liberated into the blood stream during 
the period of contracture a substance which caused a contracture in the leech 
muscle. From these experiments he likewise concluded that this substance was 
probably acetylcholine.145 The problem has been greatly clarified by Bischoff, 
Grab and Kapfhammer *° and by Parnas,*#°° who reported the actual isolation of 
acetylcholine from the blood and tissues. Of the tissues, muscle was richest 
in acetylcholine. These observations have been challenged by Dudley 14° and by 
Chang and Gaddum.!5! 

Few mammalian muscles are capable of contracture effects without previous 
section of the motor roots. But Duke-Elder 15! showed that in higher mammals 
the extra-ocular muscles of the eye react to choline, acetylcholine and nicotine 
like frog muscle, without previous sensitization through resection of the motor 
nerve. Also, Ruckert 1°2 observed that the diaphragm of the white mouse reacted 
by contracture to choline, acetylcholine and nicotine without previous denervation. 

Various theses have been offered to explain the biologic significance of the 
contracture effects (Frank). More recently Freund and Ruckert !°* concluded that 
the electric or alkaloidal aptitude of a muscle to contracture varies inversely as the 
ontogenetic and phylogenetic evolution of the muscle, other factors being equal. 
According to these authors this evolution may be accelerated by functional needs, 
as in the case of the wing muscles of birds and some of the muscles of the posterior 
limbs of Anura. The loss of the tonic property seems to be dependent on the func- 
tional specialization of the muscle. 

This hypothesis, that the capacity to develop a contracture is a_ primitive 
property of skeletal muscle found in muscles that are lowest in the scale of func- 
tional evolution and lost to those attaining a degree of functional specialization, is 
the most acceptable formulation. It is conceivable, for example, that the sustained 
shortening occurring in the frog’s clasp muscles in the spring involves both the 
ancient contracture and the newer neuromuscular contraction mechanisms. The 
biologic significance of the contracture which develops in the functionally complex 
mammalian muscle after degeneration of the motor nerves and stimulation of the 
partially degenerated mixed nerve is less clear. The anatomic pathways of nerve 
fibers producing these phenomena are as yet uncertain. 

A further plausible thesis is that acetylcholine or a similar substance known 
to be present in skeletal muscle is responsible for both vasodilator and contracture 
effects. The latter would appear to be an incident in the action of the vasodilator 
substance elaborated during the stimulation of a nerve. After its action on the 
smooth muscle of the blood vessels this chemical intermediator acts on the»nearby 
skeletal muscle. It is doubtful whether this agent has any function on the normal 
mammalian skeletal muscle. 
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LEUKEMIC CHANGES IN THE BRAIN 


A REPORT OF FOURTEEN CASES 
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CHICAGO 


The present histopathologic study comprises fourteen cases of 
leukemia. The records of twelve were placed at my disposal by Dr. R. 
H. Jaffé from his necropsy material at the Cook County Hospital, and 
records of two were from the Research and Educational Hospitals of 
the University of Illinois. Five cases were of the myelogenous, four of 
the lymphatic, two of the myeloblastic, two of the stem cell, and one 
of the monocytic, type. The brains all showed definite changes. 


REPORT OF CASES 

Case 1—Acute myeloblastic leukemia, 

History—A white man, aged 74, entered the Cook County Hospital on Feb. 8, 
1930, because of pain in the left side of the mouth for two weeks. <A year previ- 
ously the left eye had been removed for a melanoblastoma. 

Examination and Course—The patient was emaciated. The temperature was 
99 F., the pulse rate 96 and the respiratory rate 20. The blood pressure was 
120 systolic and 50 diastolic. There was a brownish-red macular and papular 
rash over the chest and abdomen. The pupil of the right eye reacted to light. 
There was a severe gingivitis. The heart was enlarged to the left; there were 
no cardiac murmurs. The abdominal organs and urine were normal. A_ blood 
count showed: red cells, 3,670,000, and white cells, 5,200. The differential count 
was: polymorphonuclears, 40; monocytes, 2, and lymphocytes, 58 per cent. On 
February 20 the white cell count was 50,800, and the differential count: myelo- 
blasts, 80; neutrophils, 4; monocytes, 1; lymphocytes, 15, and normoblasts, 1 per 
cent. The Kahn reaction of the blood was 3 plus. The course was afebrile, and 
death occurred on February 24. 

Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: acute myeloblastic 
leukemia; metastases of a melanoblastoma to the liver; syphilitic aortitis, with an 
aneurysmal outpouching in the descending part of the thoracic portion; a gumma 
in the center of the lower lobe of the left lung; insufficiency of the aortic valve 
and eccentric hypertrophy of the left ventricle of the heart; parenchymatous 
degeneration of the myocardium; chronic tumor of the spleen; catarrhal gastritis ; 
nodose goiter; hypertrophy of the prostate gland; moderate atheroma of the aorta, 
and of the coronary and basilar cerebral arteries; petechial hemorrhages in the 
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skin of the extremities; subpleural hemorrhages of the right lung and of the 
thoracic wall on the right side; edema and anemia of the brain. The brain weighed 
1,140 Gm. The leptomeninges were thin and transparent. In the basilar artery 
a small hyaline plaque was noted. The lateral ventricles were slightly dilated, and 
the choroid plexus appeared to be cystic. 

Microscopic Examination—The most noteworthy changes were in the ganglion 
cells, which exhibited marked chromatolysis, and in the choroid plexus. 
Many of the ganglion cells appeared to be reticulated, and their nuclei were dis- 
placed. Frequently the axons and dendrites were swollen. Other cells appeared 
to be shrunken and elongated; neuronophagia was not uncommon. The oligoden- 
drogliocytes were greatly swollen. The blood vessels were congested and 
frequently contained macrophages filled with granules of blood pigment. The capil- 
laries were prominent and proliferated; their endothelium was swollen. Occasion- 
ally a small vessel was compactly filled with leukemic cells. The pia-arachnoid 
in some areas was hyperplastic and contained a number of fibroblasts, lymphocytes 
and numerous macrophages. The pial vessels were hyperemic and also contained 
a great number of macrophages filled with granules of blood pigment. Few vessels 
showed hyaline degeneration of their walls. 

The choroid plexus, especially of the left lateral ventricle, showed cystic degen- 
eration. The areas involved were transformed into a loose, reticulated structure, 
poor in cells. Scattered throughout were a few fibroblasts and lymphocytes, the 
whole area being lined by a layer of atrophied tuft cells. In other areas the 
choroid plexus contained a thickened stroma, corpora arenacea and many tumor- 
like cells (melanoblastoma), mixed with erythrocytes and macrophages filled with 
pigment granules. The majority of the blood vessels were filled with leukemic 
cells. The walls of the vessels were thickened and showed hyaline degeneration. 
The basilar artery was sclerosed. Part of the adventitia was infiltrated with cells 
similar to those in the choroid plexus. 


Case 2—Lymphatic leukemia of about four months’ duration. 


History.—A white man, aged 48, entered the Cook County Hospital on Feb. 21, 
1930, because of gradual enlargement of the abdomen for four months, swellings 
under both jaws for two months, difficulty in opening the mouth, and at times 
swelling around the eyes and of both feet. Three weeks before admission severe 
pain developed in both jaws and gums, which prevented him from chewing solid 
food. During this time he lost seven teeth without experiencing any pain. He 
died on February 26. 


Examination.—The patient did not appear to be acutely ill. The abdomen was 
enlarged, and the legs were edematous. There was a foul odor from the mouth. 
The gums were swollen and tender, and the teeth were loose. Pus was discharging 
from alveoli in the jaws, which were swollen bilaterally. There were several dis- 
crete, firm nodules below and above the mastoid. The cervical and inguinal lymph 
nodes were enlarged. The lungs revealed limitation of expansion on the left side. 
The heart was normal; the liver was enlarged; the spleen extended down to the 
lower quadrant on the left side, and was hard and notched. A blood count showed: 
red cells, 2,000,000; white cells, 86,000; hemoglobin, 40 per cent. The differential 
count was: lymphoblasts, 92; neutrophils, 3, and lymphocytes, 4 per cent; there 
were no nucleated red cells. The nuclei of the lymphoblasts were trabeculated and 
moderately dense; the cytoplasm was ample and slightly basophilic, with many 
azurophilic granules; the oxidase reaction was negative; there was slight aniso- 


cytosis. 
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Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: lymphatic leu- 
kemia; extensive lymphatic infiltrations of the stomach and intestines; huge 


leukemic tumor of the spleen, with infarct; leukemic infiltrations of the liver, 
kidneys and submaxillary gland; enormous hyperplasia of the mesenteric lymph 
glands; hyperplasia of the axillary, inguinal and left submaxillary, periaortic, peri- 
biliary, peripancreatic and perigastric lymph glands; parenchymatous degeneration 
of the myocardium and dilatation of the left cardiac chambers; chronic otitis 
media on the left side; gangrenous stomatitis; partial obliteration of the right 
pleural cavity; passive hyperemia and edema of the lungs and purulent bronchi- 
olitis; slight sclerosis of the coronary arteries; lymphoid bone marrow. 

The brain weighed 1,400 Gm. and was edematous and anemic; the leptomen- 
inges were thin and transparent. The cortex and central ganglia were light gray- 
brown. The medulla was hyperemic. 

Microscopic Examination.—The smaller vessels and capillaries of the various 
lobes, especially of the basal ganglia, pons, medulla and cerebellum, were packed 
with lymphoid elements. A few lymphoid nodules were present in the pons. The 
larger vessels were congested and often contained blood pigment. Occasionally 
minute perivascular hemorrhages were present; they also contained granules of 
blood pigment, usually with macrophages. The endothelium of the capillaries 
was more or less hypertrophied, and newly formed capillaries were not infrequently 
noted. There was a moderate generalized edema. The ganglion cells showed 
degenerative changes similar to those in case 1. The oligodendrogliocytes were 
swollen and increased in number. A marked feature was an increase in the ri 
cells (microglia). 

The meninges were hyperplastic. In some areas the meshes were distended 
and contained many red cells, granules of blood pigment within histiocytes, clusters 
of mesothelial cells, fibroblasts and a number of lymphocytes. Some of the pial 
vessels contained a large number of lymphoid elements ; others were markedly con- 


gested and contained an abundance of granules of blood pigments. 


Case 3.—Chronic myologenous leukemia of about sixteen months’ duration. 

History.—A white man, aged 39, entered the Cook County Hospital on June 30, 
1930, because of progressive weakness, loss of weight and pains in the abdomen 
for fifteen months; edema of the ankles had been present for three weeks. 

Examination—The temperature was 98 F., the pulse rate 104 and the respira- 
tory rate 24. The blood pressure was 128 systolic and 84 diastolic. The cervical, 
axillary and inguinal lymph glands were enlarged. The spleen was _ palpable. 
Examination of the blood on July 10 revealed: hemoglobin, 60 per cent; red cells, 
3,330,000, and white cells, 376,800. A differential count showed: premyelocytes, 
70; eosinophils, 6; basophils, 6; neutrophilic leukocytes (early forms), 8, and 
small lymphocytes, 10 per cent. The urine was normal and the Kahn reaction 
the blood was negative. Roentgen examination revealed a large, soft tissue tumor 
in the right side of the abdomen. Biopsy revealed Hodgkin’s lymphogranulomato- 
sis. The diagnosis was: Hodgkin’s disease, with a blood picture of leukemia. 

Course.—The patient grew progressively weaker. On July 22 he complained 
headache and pains in the bones and cver the body. Examination of the fundus 
showed an increased streak of light, with a few small perivascular hemorrhages. 
On July 29 there developed an otitis media, which was drained. The patient died 
on August 2, of erysipelas of the face. 


Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: chronic myelogen- 


ous leukemia; extensive eosinophilic granulopoiesis in the bone marrow, spleen 
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and lymph nodes, but slight in the liver; erysipelas of the face; confluent broncho- 
pneumonia of the right lung; mucopurulent tracheobronchitis; suppurative otitis 
media on the right, with beginning osteomyelitis of the mastoid process; parenchy- 
matous degeneration of the myocardium, liver and kidneys; fibrocalcareous tuber- 
culosis of the hilar lymph node of the right lung; a recent surgical paracentesis 
of the right membrana tympani; fibrous obliteration of the right pleural cavity; 
perisplenic adhesions. 

A blood smear (differentiated by Dr. Jaffé) showed: polymorphonuclears, 55, 
metamyelocytes, 18, premyelocytes, 6, myeloblasts, 3, eosinophilic myelocytes, 6, 
eosinophilic metamyelocytes, 0.66, eosinophilic leukocytes, 5.33, lymphocytes, 0.33, 
basophils, 5.66, erythroblasts, 1, and normoblasts, 2 per cent. 

Smears from the ear revealed a few gram-positive cocci and no polymorpho- 
nuclear leukocytes. 

The brain weighed 1,345 Gm. The convolutions were flattened, but otherwise 
the organ showed no gross abnormalities. 

VWicrescopic Examination—The blood vessels of the brain, meninges and cho- 
roid plexus were more frequently packed with leukemic elements and with cells 
filled with granules of blood pigment than in the preceding case, and the capillaries 
showed more evidence of proliferation. The blood vessels, as a rule, were con- 
gested, and occasionally minute hemorrhages were present. Newly formed capil- 
laries were frequently noted. The ganglion cells, especially in the deeper layers 
of the cortex, were markedly changed; chromatolysis with neuronophagia and 
axonophagia were common. Some ganglion cells were liquefied, sclerosed or 
shrunken, and the nuclei were displaced; the optic thalamus exhibited areas of 
necrosis. The glia was proliferated and showed changes similar to those described 
in the preceding cases. 

The meninges were hyperplastic, and many arachnoid cell nests were scattered 

1 their surface. The pial vessels were congested and some were packed with 
leukemic cells. In some areas the pial meshes were infiltrated with red blood cells, 
histiocytes filled with granules of blood pigment, leukemic elements and an 
increased number of fibroblasts. 

The choroid plexus contained many calcified bodies. The vessels were all 
nore or less congested or packed with leukemic cells. The stroma was edematous, 
hyperplastic and covered by numerous fibroblasts. The tuft cells appeared to be 
reticulated and often resembled gitter cells. 

Case 4.—Acute lymphatic leukemia of about three months’ duration. 

History.—A white man, aged 34, entered the Cook County Hospital on Aug. 3, 
1931, and died on August 10. He had been well until three months prior to 
entrance, when he noticed swelling of the right side of the neck, extending from 
the angle of the jaw to the clavicle. The swelling disappeared after two weeks. 
At the age of 19 he had had a similar swelling, which had disappeared after one 
year. Two months before admission the patient began to have severe headaches, 
followed by weakness of the muscles of the left eye and finally diplopia. Six 
weeks later, the gums began to bleed and the right side of the face became para- 
lyzed. Since then he had gradually become weaker, with loss of weight and 
difficulty in speech. 

Examination——The patient was undernourished and pale; the gums were bleed- 
ing. The temperature was 101 F., the pulse rate 110 and the respiratory rate 24. 
The pupils reacted to light and in accommodation. There was diplopia because 
of paralysis of the left lateral rectus muscle. There was bilateral facial paralysis. 
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The lymph glands on both sides at the angle of the jaw were enlarged, discrete 
and hard and were the size of marbles. Over the apex a soft systolic murmur 
was heard. The abdomen was protuberant. The liver and spleen were enlarged 
and palpable. Multiple petechial hemorrhages of the skin were present all over 
the body, especially on the extremities. A blood count revealed: red cells, 2,850,000 ; 
hemoglobin, 45 per cent; white cells, 170,000. A differential count showed: 
lymphoid cells, 97, polymorphonuclears, 2.5, and monocytes, 0.5 per cent. The 
lymphoid cells were 3.5 times the size of a mature small lymphocyte. The nuclei 
were round, occasionally slightly indented, and had a loose trabecular chromatin 
structure ; the cytoplasm was narrow, stained a light blue and contained no azure 


Fig. 1 (case 4)—Cerebellum: lymphatic infiltration of the meninges ; toluidine 
blue stain; low power magnification. 


or Oxidase granulations. The erythrocytes showed: moderate anisocytosis, with 
single macrocytes ; no polychromatophils, and 1 normoblast per two hundred white 
blood cells. 

Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: acute lymphatic 
leukemia; generalized medullary enlargement of all lymph glands; leukemic tumor 
of the spleen; diffuse leukemic infiltration of the kidneys, thymus, thyroid, hypo- 
physis, gallbladder and pancreatic fat tissue and of that around the suprarenal 
glands; petechial hemorrhages of the skin, epicardium and endocardium, renal 
pelvis, urinary bladder and mesentery; diffuse and nodose colloid goiter; slight 
hypertrophy of the heart; central bronchopneumonia in the lower lobe of the right 
lung; hemorrhagic bone marrow; marked anemia; anemia and edema of the brain. 


DIAMOND—LEUKEMIC CHANGES IN BRAIN 12: 


The brain weighed 1,390 Gm. The leptomeninges were very pale, and there 
was an increased amount of fluid along the blood vessels. The brain fixed in for- 
maldehyde showed no gross abnormal changes. 

Microscopic Examination—The outstanding features were marked and diffuse 
infiltrations of the meninges with lymphoid elements, especially in the region of 
the pons, medulla and cerebellum (fig. 1). Similar infiltrations were present in 
the adventitia of the basilar vessels, the perineural spaces of the cranial nerves 
and the choroid plexus. The perivascular spaces of some of the smaller vessels 
within the pons, medulla and basal ganglia were similarly infiltrated. 

The meninges were hyperplastic; fibroblasts and histiocytes were often inter- 
mingled with leukemic cells. The pial vessels were congested and the lumens of 
the larger vessels often contained clusters of lymphocytes. The stroma of the 
choroid plexus in some areas was enormously infiltrated with lymphoid cells, which 
obscured the vessel walls and the tuft cells. 

The brain substance revealed a status spongiosus with edema. The ganglion 
cells showed various degenerative changes similar to those described in the pre- 
ceding cases. Perinuclear liquefaction was common. There was an increase in 
the glia nuclei. The oligodendroglia was swollen. The microglia was moderately 
increased. The blood vessels (in the cortex and white matter) were hypertrophied 
and congested. Occasionally lymphoid cells surrounded, in a ringlike manner, the 
walls of the small blood vessels. The capillaries were prominent; their endothelial 
layer was hypertrophied, and many were newly formed. 


Case 5.—Chronic myelogenous leukemia of about five and one-half years’ dura- 
tion with remission, 

History—A white man, aged 48, an iron-molder, entered the Cook County 
Hospital on July 20, 1931, and died on October 20. He had been well until five 
and one-half years previous to admission, when he noted languor after a day’s 
work. At times he was exhausted to the point that he was unable to move for 
three or four hours. Shortly afterward, headaches and noises in the head appeared ; 
they were relieved only by sleep. Generalized pains followed, and six months later 
he discovered an enlargement of the left side of the abdomen. Under roentgen 
treatment (splenic irradiation) he improved and returned to work. A year before 
admission the symptoms returned, and he was confined to bed for one month; 
after treatment with intensive irradiation he was able to be up and around. 

Examination—The skin was essentially whitish yellow. The spleen was firm 
and extended to the umbilicus. The liver was palpable. The blood pressure was 
95 systolic and 65 diastolic. A blood count revealed: hemoglobin, 60 per cent; 
red cells, 2,560,000; white cells, 185,000, among which the myelocytes predominated. 
The urine was normal and the Kahn reaction of the blood was negative. 

Course—Under roentgen treatment the white cells diminished to 94,000, but 
soon returned to 192,000 per cubic millimeter. On October 10 the white cells 
numbered 310,000 and the red cells 1,820,000. On the day before death a peri- 
cardial friction rub was heard. The temperature was normal. Twelve hours 
before death the differential count was: myeloblasts, 24, premyelocytes, 9.4, meta- 
myelocytes, 27, neutrophils, 36.2, eosinophilic myelocytes, 1.4, eosinophils, 0.4, 
basophils, 1.2, and lymphocytes, 0.4 per cent. 

Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: chronic myelogen- 
ous leukemia; recent fibrinous pericarditis; bilateral pyelitis with small uric acid 
concretions; papillary abscesses in .both kidneys; eccentric hypertrophy of the 
heart, with anemia and fatty degeneration of the myocardium; fibrous adhesions 
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about the liver and spleen; extensive calcification of the peritracheal lymph nodes; 


narked generalized anemia; bilateral hydrothorax ; hydropericardium, and _ slight 


The brain weighed 1,490 Gm., and its substance was moist. The leptomeninges 
were thin and transparent. The walls of the vessels at the base were thin. 


Vicroscopic Examination—The outstanding changes were the dilated blood 
vessels and capillaries packed with leukemic cells. These were noted throughout 
the brain, cerebellum, basal ganglia and choroid plexus and within the cranial 
nerves and meninges. In some instances minute leukemic nodules were scattered 
about small vessels and in the meshes of the pia-arachnoid. The Virchow-Robin 
spaces were distended, and a marked giia reticulum was not uncommon around the 
blood vessels. The endothelial cells of the vessels were usually swollen, and the 
capillaries were frequently proliferated. Granules of blood pigment were fre- 
quently present in the perivascular spaces; in the cornu ammonis many of the 
vessels were incrusted with lime salts. The ganglion cells showed, as in the 
preceding cases, degenerative changes, with neuronophagia and axonophagia. Others 
appeared as shadows or were completely destroyed. There was a marked increase 
in glia nuclei, and the oligodendroglia was swollen. An increase in the Hortega 
cells, largely in the form of rod cells, was a marked feature. Occasionally minute 
nodules, made up entirely of glia cells or intermingled with leukemic cells, were 
present in the white matter and pons. 

The meninges were hyperplastic, and the meshes were markedly distended 
because of the dilated blood vessels (which were packed with leukemic cells), and 
were infiltrated by erythrocytes, histiocytes, leukemic cells, fibroblasts and arach- 
oid cells. The tuft cells of the choroid plexus appeared reticulated and much 
resembled gitter cells. 


Case 6.—Chrenic myelogenous leukemia of about seven months’ duration. 


History —A white man, aged 36, entered the Cook County Hospital on Nov. 
8, 1931, complaining of progressive weakness for seven months. There had been 
soreness and a swelling in the left umbilical quadrant for three months; these 
had been aggravated by eating; there were also constipation, which was relieved 
nly by enemas, and tarry stools. The patient complained also of night sweats, 
swelling of the ankles and vertigo. 

Examination—The pulse, temperature and respiratory rate were normal. The 


spleen was markedly enlarged and extended to the anterior superior spine of the 


lium. The liver extended to the umbilicus. The blood contained: hemoglobin, 50 
per cent; red cells, 2,280,000: white cells, 594,000. A differential count (Dr. 
Jaffé) revealed: neutrophils, 30, basophils, 5, eosinophils, 4.5, premyelocytes, 33 


metamyelocytes, 23, eosinophilic myelocytes, 4, myeloblasts, 2, and basophilic mye- 
locytes, 0.5 per cent; the normoblasts numbered 9 per two hundred white blood 
ells. 

Course —The spleen and long bones were irradiated, but the patient responded 
poorly. He grew steadily worse and had frequent nosebleeds and vomiting. Death 

ccurred on Jan. 1, 1932. 

Vecropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: chronic myelogen- 
ous leukemia; leukemic tumor of the spleen, with anemic infarcts and perisplenic 
adhesions; cloudy swelling and leukemic infiltrations of the liver; slight enlarge- 
ment of the abdominal and axillary lymph nodes; cloudy swelling of the kidneys; 
pyoid hyperplasia of the bone marrow; eccentric hypertrophy of the heart; fibrous 
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adhesions about both lungs 
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The brain weighed 1,600 Gm. The convolutions were flattened, and the lepto- 
meninges were thin. In the region of the left central ganglia, involving the claus- 
trum, the lentiform nucleus and the internal and external capsules, was a large 
reddish-gray area of softening, 7 by 4 cm. in diameter. This had broken into the 
left lateral ventricle. The ventricles were filled with semiliquid, light purple-gray 
blood clots. 

Microscopic Examination.—The blood vessels and capillaries were enlarged and 
packed with leukemic elements to a greater extent than in case 5. Even the peri- 
vascular spaces were often markedly dilated and packed with leukemic cells, s: 
that the vessel walls appeared to be obliterated (fig. 2). Frequently, leukemic 


* 


Fig. 2 (case 6).—Caudate nucleus: leukemic infiltration of the vessels and peri- 
vascular spaces; toluidine blue stain; * 44. 


nodules of various sizes were present around the vessels and occasionally were 
associated with slight extravasations of erythrocytes. The nodules were especially 
numerous in the white matter of the different lobes, the cerebellum (molecular 
layer), medulla, pons and basal ganglia (figs. 3 and 4). In the white matter they 
were rather irregular in shape or appeared as diffuse infiltrations, frequently inter- 
mingled with proliferated glia elements. Occasionally also smaller nodules 
were present about the cortical blood vessels. The latter were obstructed by emboli 
or thrombi—a homogeneous mass mixed with many pyknotic or broken-down 
nuclei. The cells of these nodules were largely glia elements intermingled with 
leukemic cells. The walls of the vessels were hypertrophied, and the capillaries 
were proliferated throughout. Frequently rarefaction and edema were present 
around the blood vessels. 


‘ 


Fig. 3 (case 6).—Cerebellum: leukemic nodules in the molecular layer and 
infiltration of pial vessels; toluidine blue stain; 46. 
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Fig. 4 (case 6).—Subcortical area: leukemic nodule, glial proliferation, vessels 
packed with leukemic cells; toluidine blue; & 190. 
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The ganglion cells throughout the several areas of the brain showed various 
degenerative changes, and often were packed with fat (scarlet red stain). Chro- 
matolysis and neuronophagia were the rule. Other cells showed ischemic changes, 
appeared as shadows or were completely destroyed. The myelin and axis-cylinders 
were often swollen (Bielschowsky stain). Edema and a glia reticulum were more 
or less present. The oligodendroglia was swollen. Around the nodules the glia 
appeared as syncytial formations. Rod cells were numerous. The astrocytes were 
hypertrophied and increased in number (fig. 5). In the region of the softening 
(left basal ganglia) extensive extravasations of red cells were present, mixed with 
many polymorphonuclear leukocytes and typical leukemic cells. The ganglion cells 


Fig. 5 (case 6).—Cortex: hypertrophied astrocytes; Cajal’s stain. 


were destroyed and the glia nuclei appeared pyknotic; among them were many 
gitter cells. 

The meninges were hyperplastic and the meshes were distended because of the 
packed, dilated leukemic vessels. Scattered among the meshes were many erythro- 
cytes, fibroblasts, histiocytes, mesothelial cells and leukemic elements. Similar 
changes were present in the choroid plexus. The stroma in some areas was hyper- 
plastic and contained a great number of fibroblasts. Other portions had undergone 
cystic degeneration. There was an increased number of corpora arenacea. The 
tuft cells resembled gitter cells in structure. 

Case 7.—Acute myelosis (mycloblastic). 

History.—A white man, aged 64, entered the Cook County Hospital on April 
23, 1932, and died on April 26. Three weeks previous to admission the patient 
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had noted difficulty in walking, swaying from side to side, with a fear of falling 
For the past week he had had difficulty in urination. 


Examination.—The patient had been blind for thirty-two years (syphilitic optic 
atrophy) and moderately deat. The temperature was 101.8 F., the pulse rate 9 
and the respiratory rate 24. The blood pressure was 96 systolic and 66 diastolic. 
The pupils were equal and dilated, but did not respond to light or in accommoda- 
tion. The heart and lungs were essentially normal. The abdomen revealed 1 
palpable masses. There were no sensory or motor disturbances. The patellar 
reflexes were absent, and there was a suggestive bilateral Babinski sign. The 


Romberg sign was strongly positive, and when he was made to walk the patient 


Fig. 6 (case 7).—White matter: leukemic nodules with hemorrhages; toluidine 
blue stain; < 15. 


swayed from side to side, but there was no characteristic tabetic gait. The spinal 
fluid, which was under increased pressure, was clear and contained only 3 cells 
The Pandy test of the fluid and the Wassermann reaction of the blood and spinal 
fluid were negative. 

Course.—Shortly after entering the hospital the patient became irrational, went 
into coma and died three days later. 

Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: acute myelosis 
(myeloblastic) ; eccentric hypertrophy of the heart; fatty degeneration of the 
myocardium; chronic emphysema of the lungs; fibrous obliteration of the right 
pleural cavity; fatty bone marrow. A blood smear made after death revealed: a 
large number of immature white blood ceils of myeloblastic and micromyeloblasti 
type, which constituted about one third of the total number of blood cells. Many 
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nucleated red cells and a few neutrophilic myelocytes and leukocytes were present. 
The number of white cells was about 200,000 per cubic millimeter. 

Brain: The brain was swollen and moist. In both frontal lobes, occupying the 
white matter, were symmetrical dark purple-red areas of softening. On the 
right side the area measured 70 by 70 by 40 mm. in diameter, and on the left side 
00 by 40 by 17 mm. The areas of softening extended close to the cortex, and were 
surrounded by numerous purple-red patches the size of a pin-head. On the left 
the hemorrhage involved the head of the caudate nucleus and had broken into the 
anterior horn of the lateral ventricle. In the right cerebellar hemisphere there was 


an area of hemorrhagic softening measuring 4 by 4 by 2 cm. In the vessels at the 


Fig. 7 (case 7)—Cortex: leukemic nodule surrounded by hemorrhage; tolui- 


dine blue stain; * 93. 


base of the brain were several light yellow plaques, measuring up to 15 mm. in 
diameter. 

Microscopic Examination ——Leukemic nodules, with and without hemorrhages, 
were the outstanding feature. Numerous nodules with extensive hemorrhages were 
especially marked in the white matter of the frontal lobes and cerebellum (fig. 6). 
Scattered isolated nodules were also present in the cortex (fig. 7), pons and basal 
ganglia. The nodules varied in size, and consisted of compact myeloid elements 
in active proliferation, many of the cells showing mitotic figures. The majority 
of the nodules were surrounded by extravasated red blood cells. In others the 
red cells were more or less intermingled with myeloid elements and granules of 
blood pigment. The adjacent blood vessels were much distended and packed with 
myeloid elements. In some vessels only the perivascular spaces were enormously 


+ 
is 
| 
4 
4 
| 


130 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


distended and crammed with myeloid elements, while the lumens of the vessels 
contained few white cells. A few vessels exhibited also perivascular hemorrhages. 
The cerebral substance adjacent to the nodules and hemorrhages was compressed 
or destroyed. The ganglion cells were greatly changed, and the glia nuclei 
appeared sfyknotic. 

In addition to the changes described, changes similar to those described in the 
preceding cases were present. The blood vessels throughout the brain, meninges, 
choroid plexus and longitudinal sinus were greatly dilated and filled with myeloid 
elements. The walls of the blood vessels were hypertrophied, and mast cells were 
frequently seen in the adventitial tunic or were infiltrated with myeloid elements. 
The capillaries were prominent and often proliferated. There was a generalized 
edema, with rarefaction. The ganglion cells showed various degenerative changes, 
with neuronophagia. The glia and microglia were increased and the oligoden- 
droglia was swollen. Occasionally, glia nodules in the form of a syncytium were 
noted in the pons and cerebellum; these were situated adjacent to the leukemic 
nodules and were difficult to differentiate from the myeloid cells. 

The meninges in some areas were hyperplastic; in others the meshes were dis- 
tended and infiltrated with leukemic elements, red cells, blood pigment granules, 
mast cells, histiocytes, fibroblasts and many mesothelial cells. Some of the vessels 
at the base showed arteriosclerotic changes. 

Case 8.—Acute stem cell leukemia of about three months’ duration. 

History.—A white man, aged 23, entered the Cook County Hospital on Oct. 6, 
1932, and died on October 30. He stated that he had been well until two months 
previous to admission, when the left side of the face became paralyzed. This per- 
sisted for two weeks; then the right side of the face became paralyzed. One month 
before admission the legs became rigid. He also had difficulty in opening his 
mouth, and had had pains in the jaw, especially on movement, for two months. 
Four days before admission the right eye became discolored and bluish. Three 
days later there occurred a profuse nosebleed, which had persisted. For the past 
few weeks he had also been growing noticeably weaker. 

Examination.—On entrance the temperature and respiration were normal, but 
the pulse rate was 120. The patient was pale; the right conjunctiva was hemor- 
rhagic and bluish; the nose was still bleeding. There were a left facial paralysis 
(peripheral) and numerous petechiae on the very pale buccal mucosa. The cervical, 
submental, axillary, epitrochlear and inguinal lymph glands were markedly 
enlarged. The nodes were discrete, rather soft and movable. Scattered petechial 
hemorrhages were present over the skin of the trunk and extremities. The heart 
was not enlarged; the apex beat was forceful, and a systolic murmur was heard 
which was not transmitted. The liver and spleen were not palpable. 

Laboratory Findings and Course-—A blood count revealed: hemoglobin, 50 per 
cent; red cells, 2,700,000, and white cells, 6,500. A blood smear revealed most of 
the cells to be large and immature—stem cells or hemocytoblasts. The patient had 
repeated nosebleed. One week after admission the white cell count had risen to 
58,000. At this time the platelet volume was found to be 0.0012 volume per cent, 
equal to about 84,000 platelets per cubic millimeter. Later the white cells rose to 
145,000, then to 200,000 and before death to 250,000. <A differential count made 
before death revealed: stem cells, 92.8; neutrophilic metamyelocytes, 0.4; neutro- 
philic leukocytes, 3.6 and lymphocytes, 3.2 per cent. There were 8 normoblasts 
and 1 erythrogonium per five hundred and fifty white cells. There was marked 


anisocytosis. 
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Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: acute stem cell 
leukemia; leukemic infiltrations of the thymus, extending into the upper lobe of 
the left lung and of the breasts, testes, epididymis, kidneys, pancreas, suprarenal 
glands and epicardium; leukemic tumor of the spleen and liver; generalized lymph- 
adenopathy; severe anemia; slight hypertrophy of the heart, with anemia and 
fatty degeneration of the myocardium; hemorrhages of the conjunctiva, renal 
pelvis and pelvic fat tissue and subendocardial hemorrhages of the left ventricle; 


acute emphysema and marked edema of the lungs. 


Fig. 8 (case 8).—Facial nerve: marked leukemic infiltration in the perineurial 
spaces; toluidine blue stain; low power magnification. 


The brain weighed 1,405 Gm. The leptomeninges were thin and transparent. 
On sectioning, the brain fixed in formaldehyde revealed no macroscopic changes. 

Microscopic Examination—The striking changes were dense infiltrations by 
leukemia cells in the meninges, especially at the base, along the adventitial coats 
of the basilar vessels and in the perineurial lymph spaces of the facial nerve 
(fig. 8). Aside from these changes the cerebral vessels and capillaries, the pial 
vessels and those of the choroid plexus were more or less filled with leukemic 
elements. The capillaries were prominent; the endothelium was hypertrophied and 
often proliferated. The substance of the brain was edematous and rarefied. Leu- 
kemic nodules were absent. The ganglion cells showed changes more or less 
similar to those in the preceding cases. The glia was increased and the oligo- 
dendroglia was swollen. 
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The meninges were hyperplastic in places. The meshes were more or less 
infiltrated with leukemia elements, red cells, fibroblasts and mesothelial cells. The 
tuft cells of the choroid plexus appeared to be reticulated, and the stroma was 


thickened. 


Case 9.—Acute stem cell leukemia of short duration. 

History.—A colored boy, aged 4 years, was admitted to the Cook County Hos- 
pital on Dec. 11, 1932, and died on December 14. The patient was admitted first 
to the surgical ward, because of a suspected fracture of the skull. Three days 


before admission he had struck his head against a table and been unconscious for 
ten minutes. Two days later he began to bleed from the nose; this was followed 
by vomiting. On the next day the stools were black. The child was restless all 
night and appeared drowsy. 
Examination—The boy was fairly well nourished, and appeared drowsy, acutely 
ill and markedly pale. The temperature was 98.8 F., the pulse rate 120 and the 
respiratory rate 28. The pupils were regular. The heart and lungs were normal. 
The liver and spleen were palpable. Numerous hemorrhagic areas, from the size 
r a pin-head to 2 inches (5 cm.) in diameter, were scattered over the skin. The 
axillary and inguinal lymph nodes were palpable. 
Laboratory Examination and Course—A blood count revealed: hemoglobin, 


25 per cent (Newcomer) ; red cells, 1,260,000, and white cells, 33,800. A differen- 
tial count showed: lymphocytes, 48, lymphoblasts, 38, polymorphonuclears, & 


monocytes, 6, basophils, 0.5, eosinophils, 0.5, and reticulocytes, 4.8 per cent, and 
there was 1 megakaryocyte; the platelets numbered 82,000. The Wassermann 
reaction of the blood was negative. The stools contained blood. The urine was 
normal. The bleeding time was six and one-half minutes. A subsequent count 
showed: lymphoid cells with reticulated nuclei, 27.2, large lymphocytes, 27.2, 
small lymphocytes, 19.2, premyelocytes, 0.8, metamyelocytes, 2.4, polymorpho- 
nuclears, 8, plasma cells, 0.8, and monocytes, 14.4 per cent. There were marked 
poikilocytosis and anisocytosis; polychromatophils were present; normoblasts 
numbered 7 per hundred white cells; there were microscopic forms, and 1 
erythrogonium was present per hundred white cells. 

Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: acute stem cell 
leukemia; severe generalized anemia; petechial hemorrhages in the skin, lymph 
nodes, lungs, pleura, epicardium, renal pelvis, brain and leptomeninges; slight gen- 
eralized lymphadenopathy; fatty degeneration of the liver and myocardium; 
anemia and cloudy swelling of the kidneys. In the scalp there were several purple- 
gray patches; the largest, in the right frontotemporal region measured 20 by 


25 mm. 


The brain weighed 1,335 Gm. The leptomeninges were thin and transparent. 
In the white matter of both cerebral hemispheres and of the corpus callosum and 
cerebellum were numerous bright purple-red patches from the size of a pin-point 
to that of a pin-head. 

Microscopic Examination.—In this case the striking changes were: (1) severe 
degeneration of the ganglion cells, and (2) minute foci of hemorrhages, with col- 
lections of lymphoid elements (nodules). The ganglion cells were profoundly 
involved throughout the brain and resembled the changes present in toxic 
encephalitis. The cells were greatly swollen, pale and devoid of Nissl granules, 
and the majority showed perinuclear liquefaction (fig. 9) ; many were completely 
liquefied. The nuclei of the ganglion cells were similarly swollen and often 
displaced; the nuclear granules were dustlike, and the nucleoli were irregular in 
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outline and pyknotic. Neuronophagia was not marked; one or two glia nuclei 
were frequently seen within or around the ganglion cells. The hemorrhagic foci 
were scattered throughout the lobes, white matter of the brain, cerebellum 
(molecular layer), basal ganglia and pons. The centers of the foci contained 
collections of lymphoid elements and occasionally small blood vessels, the outlines 
of which were obscured. In some foci there was a zone of necrosis between the 
vessels and the hemorrhage which contained a few swollen glia nuclei and an 
occasional lymphoid cell. 

Other changes were: marked edema, rarefaction and an increase in glia nuclei 
and rod cells. The blood vessels were congested and hypertrophied and con- 


Fig. 9 (case 9).—Liquefaction of the ganglion cell in acute leukemia; toluidine 


blue stain. 


tained only a few lymphoid elements. The capillaries were prominent and many 
were newly formed. 

The meninges were hyperplastic and edematous ; among the meshes were many 
fibroblasts, mesothelial cells and lymphoid elements. The pial vessels were 
congested. 

Case 10.—A cute myelogenous leukemia. 

History.—A white boy, aged 13 years, was admitted to the Cook County Hos- 
pital on Feb. 21, 1933, and died four days later. Six weeks previous to admission 
there had developed an attack of acute rheumatic fever from which the boy recov- 
ered, but he continued to stay in bed because of paleness and general weakness. 
One week before entrance he complained of abdominal discomfort, nausea, vomiting, 


epistaxis and cough, with blood-tinged sputum. 
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Examination—The temperature was 102 F., the pulse rate 126 and the respiratory 
rate 26; the blood pressure was 140 systolic and 0 diastolic. The heart was 
enlarged to the left. There were double murmurs at the apex, transmitted to 
the axilla. The spleen was markedly enlarged and reached to the level of the 
umbilicus in the midline. The liver was enlarged about two fingerbreadths below 
the costal margin. The lymph glands throughout the body were enlarged. The 
hemoglobin ranged from 25 to 20 per cent; the red blood cells numbered 
1,750,000 and the white blood cells, 87,500; on February 24 the white cells num- 
bered 230,000. 

The differential count (Dr. Jaffé)) was: myeloblasts, 87, metamyelocytes, 1, 
neutrophilic leukocytes, 2, and lymphocytes, 10 per cent. The platelets numbered 
42,000; bleeding time was twenty-four minutes; the coagulation time was two 
hours. 

Course—The condition grew progressively worse. The temperature varied 
between 99 and 102 F. 

Necropsy (Dr. B. Neiman).—The anatomic diagnosis was: acute myelogenous 
leukemia; leukemic tumor of the spleen; marked anemia and parenchymatous 
degeneration of the heart; bronchopneumonia of the upper lobe of the left lung; 
multiple anemic infarcts of both lungs; cloudy swelling and anemia of the liver 
and kidneys; marked generalized lymphadenopathy; hyperplasia of the lymphoid 
follicles of the intestines; petechial hemorrhages of the skin; hemorrhages in the 
left temporal and occipital lobes with perforation into the lateral ventricle; multi- 
ple hemorrhages in both cerebellar and cerebral hemispheres. 

The brain weighed 1,435 Gm., and was soft and edematous. In the right cere- 
bellar hemisphere, near the upper vermis, there was a dark, purple-red area 20 by 
12 mm. in size, located in the white matter and extending to the cortex. In 
several places the cortex was involved, and the discoloration bordered the pia. On 
the lateral border of the left cerebellar hemisphere near the cerebellopontile angle, 
there was a similar area 12 by 12 mm. in size. In the pons were multiple purple- 
red patches, measuring up to 1 mm. in diameter. In the centrum semiovale of the 
right frontal lobe and the left temporal lobe and on the median aspect of the cortex 
of the left frontal lobe there were groups of purple-gray and_ purplish-brown 
patches, some of them 1 mm. in diameter. The temporo-occipital lobes con- 
tained a large area of hemorrhagic softening, 5 by 4 by 6 cm.; the area extended 
into the lateral ventricle which contained purple-red blood clots. Around the large 
area there were numerous smaller ones. 

Microscopic Examination—The outstanding changes were the multiple leu- 
kemic nodules and diffuse infiltrations by myeloid cells, which were more numerous 
than in cases 6 and 7. The nodules varied greatly in size, appeared to be oval 
or round and were scattered throughout the brain. The dense diffuse infiltrations 
by leukemic cells were most numerous in the white matter, where they formed 
irregular masses, mainly by the fusion of many nodules. They were mixed with 
or surrounded by red blood cells, granules of blood pigment, macrophages and 
gitter cells (hemorrhages). The areas adjacent to the leukemic masses and nodules 
were markedly rarefied. The glia was proliferated; at times it was in the form 
of small nodules, and the ganglion cells were either greatly changed or destroyed. 
The smaller vessels and capillaries exhibited proliferation of the adventitial and 
endothelial cells. 

The blood vessels throughout the brain were greatly distended by dense accumu- 
lations of leukemic cells. Edema and rarefaction were more or less general. As 
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in the other cases, the ganglion cells exhibited similar marked degenerative 
changes, with the phenomena of neuronophagia. The glial changes were similar 
to those in the other cases. 

The meninges were similarly infiltrated with leukemic elements, both within 
the pial vessels and between the disterded meshes. Among the latter were also 
scattered many red cells, macrophages filled with granules of blood pigment and 
myeloid elements. Occasionally minute hemorrhages extended to the subpial 
layers of the brain and were mixed with masses of leukemic cells. 

Case 11—Acute myeloid leukemia; leukemic infiltration in the spinal canal. 

History —A white boy, aged 8 years, was admitted to the Research and Educa- 
tional Hospitals of the University of Illinois on Jan. 30, 1933, and died on 
February 18. Except for occasional sore throat and cervical adenopathy the boy 
had been in good health until four weeks before admission, when he complained of 
soreness and swelling of the glands of the neck. A week later he began to have 
pains in the back, which gradually became more severe, with progressive loss of 
strength. He walked in a stooped position, and it was necessary to prop his back 
with pillows in bed. The following week he had an attack of abdominal pain, 
which lasted for a short time with recurrences. About the same time there devel- 
oped a painful swelling in the left temporal region, puffiness of the eyelids, pains 
behind both ears and deafness in the right ear. A week before admission he had 
had diplopia on several occasions and difficulty and pain on urination. Two days 
later he had spells in which he ceased activity, stared forward and breathed 
rapidly for a moment or two. He also had cough and momentary attacks of 
precordial pain with dyspnea and palpitation. During the three days before entrance 
he complained of pain and tenderness in both legs. 

Examination—The boy was anemic, dyspneic and acutely ill. The gums were 
swollen and bled on pressure. Petechiae were present over the soft palate and 
pharynx. A slight tender swelling was present over the temporofrontal region; it 
was not movable and was attached to the bone. All the lymph glands were 
enlarged. Red macular lesions, from the size of a pin-point to that of a pin-head, 
were scattered over the face, trunk and extremities. The heart and lungs were 
normal. The liver was felt one and one half fingerbreadths below the costal 
border. The spleen was not palpable. The lower part of the back was tender 
on pressure. The bladder was distended to the umbilicus. 

Neurologic Examination.—The eyes were prominent; the lids were puffy and 
he was unable to close them. The pupils reacted to light and in accommodation. 
There were bilateral peripheral facial paralysis and slight impairment of hearing. 
The abdominal and cremasteric reflexes were active on the left and diminished 
on the right. There was loss of power in both lower extremities. The muscles 
were flabby. Both patellar jerks and the left ankle jerk were absent; the right 
ankle jerk was diminished, with a suggestion of clonus and a Babinski sign. On 
February 14, Chaddock, Oppenheim and Babinski signs were present bilaterally, 
with no spasticity. The patient was able to flex and extend both lower extremities. 

Laboratory Findings and Course——The blood count revealed: hemoglobin, 35 
per cent; on February 16, 21 per cent. The red cell count was 2,290,000, dimin- 
ishing to 1,100,000; the white cell count fluctuated between 36,800 and 99,600. A 
differential count revealed predominantly immature cells. The coagulation time 
was four minutes; the bleeding time, seven and one-half minutes. The platelets 
numbered 270,000. The blood chemistry showed: sugar, 100 mg.; nonprotein 
nitrogen, 20 mg.:; uric acid, from 2.75 to 4.2 mg., and cholesterol, 167, mg. The 
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urine was normal, and the Wassermann reaction of the blood was negative. 
Roentgen examination of the skull, spine and long bones revealed no changes. 
The temperature ranged from 99 to 103 F., the pulse rate from 120 to 160 and 
the respiratory rate from 24 to 40. The blood pressure was 126 systolic and 80 
diastolic. 
Ocular examination revealed hemorrhages in the fundus in connection with the 


large arteries. The diagnosis was leukemic retinitis. 
( 
February 17, hematuria occurred and was followed by death. 


In February 16, epistaxis occurred and lasted for twenty-one hours. On 


Necropsy—The anatomic diagnosis was: acute myeloid leukemia; leukemic 
infiltration in the left petrous bone, the right retro-orbital region and the spinal 
canal. 

The brain was very pale; the convolutions were of normal width; the sulci 
were of normal depth; the base showed collapsed blood vessels. No infiltrating 
masses were present. The spinal cord showed normal configuration. On _ the 
lateral surface, extending from the middorsal region to the lower lumbar area, 
the cord was covered by a thick, long mass. There were no hemorrhages or 
cavities. The meninges were normal, with the exception of the dura which was 
slightly thickened. 

Microscopic Examination.—In contrast to case 10, the infiltrations by leukemic 
cells were here largely confined to the meninges, cranial nerves and _ perineurial 
spaces. Leukemic nodules were absent in the parenchyma of the brain, but the 
smaller vessels and capillaries were filled with leukemic elements. 

The pial meshes were greatly distended by leukemic infiltrations and enormously 
distended vessels, which were also filled with leukemic cells. Among the meshes 
were many macrophages, which contained similar leukemic elements. The leukemic 
infiltrations were general and diffuse, especially at the base, in the cranial nerves 
and in the optic chiasm. In spots the pia-arachnoid was hyperplastic and con- 
tained many fibroblasts and arachnoid cells beside the myeloid elements. The optic 
chiasm was markedly rarefied. The perivascular spaces in many of the vessels of 
the chiasm were infiltrated with leukemic cells. The perineurial spaces of other 
cranial nerves (the seventh, eighth and tenth) were also more or less infiltrated. 

The substance of the brain was edematous and rarefied. The cortex revealed 
many shrinkage spaces around the vessels and at times around the ganglion cells. 
The ganglion cells exhibited severe changes and neuronophagia. There was an 
increase in glia nuclei and in the Hortega cells. In the pons there were a few small 
glial nodules. The oligodendroglia was swollen; the capillaries were proliferated 
and many were newly formed. 

Spinal Cord: Since the present study deals mainly with changes in the brain, 
only the essential changes observed in the cord will be given. The epidural mass 
consisted of dense collections of leukemic elements. The spinal meninges also 
revealed leukemic infiltrations. The cord showed areas of rarefaction with a 
number of gitter cells. 

Case 12.—Chronic lymphatic leukemia. 

History.—A white man, aged 66, entered the Cook County Hospital on Feb. 3, 
1933, and died on February 7. Three weeks before admission he had been taken 
sick with what he thought was rheumatic fever; he had had six similar attacks 
ten years before. Six days after the onset he had anuria lasting three days, which 
was followed by incontinence and dribbling, swelling of both legs and dyspnea on 


exertion. 
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Examination.—The patient was well nourished and not acutely ill. The tem- 
perature was 99 F., the pulse rate 92 and the respiratory rate 24. The blood 
pressure was 160 systolic and 90 diastolic. There was pallor of the skin. The 
lymph glands were enlarged, discrete and firm. There were dulness and rales over 
the bases of both lungs. The heart revealed systolic and diastolic murmurs at the 
apex and at the aortic area. The spleen was palpable. The bladder was distended 
up to the umbilicus. Both lower extremities were edematous. The prostate was 
enlarged and tender. 

Examination of the blood revealed hemoglobin, 45 per cent; red cells, 2,190,000 ; 
white cells, 210,000. The lymphocytes were all large and had a narrow rim of 
cytoplasm. The percentage of lymphocytes was 94.4; that of leukocytes, 5.6. 
The platelets numbered 98,000 per cubic millimeter. 

Necropsy (Dr. R. H. Jaffé).—The anatomic diagnosis was: chronic lymphatic 
leukemia; a huge leukemic splenic tumor; marked generalized lymphadenopathy ; 
leukemic infiltrations of the kidneys, liver and prostate; adenocarcinoma of the 
prostate; severe hemorrhage in the urinary bladder; ascending pyelonephritis ; 
slight hypertrophy of the heart, with anemia and parenchymatous degeneration of 
the myocardium; slight fibroplastic deformity of the aortic valves, with insufh- 
ciency; terminal bronchopneumonia in the lower lobe of the right lung; chronic 
emphysema of the lungs. 

The brain weighed 1,490 Gm. The meninges were thin and pale. The blood 
vessels at the base were thin walled, except for a few small hyaline plaques in the 
right internal carotid artery. The brain fixed in formaldehyde showed 1 
abnormalities. 

Microscopic Examination.—In the optic thalamus several small leukemic nodules 
were noted, surrounded by hemorrhagic extravasation; otherwise the changes were 
largely similar to those described in case 2. The cells of the olivary bodies, how- 
ever, showed changes seen in an axonal reaction: a swollen cell body, displaced 
nucleus and absence of Nissl bodies. Minute hemorrhages were also present in 
the cortex (motor area). 

Case 13.—Leukemic lymphadenosis. 

History —A white man, aged 68, was admitted to the Research and Educa- 
tional Hospitals of the University of Illinois complaining of extreme weakness. 
A week previously he had been operated on for mastoiditis. He had had headaches 
for five years and pain in the left quadrant of the abdomen. 

Examination—The skin was pale and sallow. The temperature and respira- 
tory rate were normal; the pulse rate was 130. The heart appeared to be normal. 
The liver and spleen were enlarged. The axillary and inguinal lymph nodes were 
enlarged and palpable. 

Examination of the blood showed: red cells, 1,880,000; white cells, 605,000. 

The patient became progressively weaker and died on Jan. 12, 1933. 

Necropsy (Dr. G. Milles)—The anatomic diagnosis was: leukemic lymph- 
adenosis; leukemic infiltrations in the spleen, kidneys and liver; left otitis media; 
recent mastoidectomy. Section of the brain, fixed in formaldehyde, showed no 
abnormality. 

Microscopic Examination.—Leukemic nodules were not present, and the changes 
were somewhat similar to those in case 2. The vessels of both the brain 
and the meninges were packed with lymphoid elements. The ganglion cells showed 
chromatolysis with neuronophagia. The microglia and oligodendroglia were 
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proliferated. Generalized edema was present, with areas of rarefaction. The 
meningeal meshes were distended and infiltrated by lymphoid elements and occa- 
sionally by red blood cells. 

Case 14.—Acute monocytic leukemia of five weeks’ duration. 

History.—A Chinese, aged 28, entered the Cook County Hospital on March 28, 
1933, because of weakness, dizziness, anorexia, bleeding from the gums, hematuria 
and bloody stools of about five weeks’ duration. 

Examination and Course—The patient was pale and acutely ill. The tem- 
perature was 102 F., the pulse rate 124 and the respiratory rate 20. The blood 
pressure was 106 systolic and 60 diastolic. There was bleeding from the left ear. 
The lips were the site of small bleeding granulations. The gums were soft and 
spongy with ecchymotic spots from which blood continually oozed. There were 
petechiae over the right arm and lower extremities, with numerous ecchymoses. 
Examination of the blood showed: red cells, 2,120,000; hemoglobin, 50 per cent, and 
white cells 3,650. The Kahn reaction of the blood was negative, and the blood 
chemistry was normal. The patient continued to bleed from the gums and died on 
April 1. 

Necropsy (Dr. R. H. Jaffé)—The anatomic diagnosis was: acute monocytic 
leukemia; marked generalized anemia; petechial hemorrhages in the mucosa of 
the mouth, in the pericardium, underneath the pleura, and in the lungs, stomach, 
and renal pelvis; hemosiderosis of the liver and spleen; focal leukemic infiltration 
in the left kidney about a thrombosed vein. 

Examination of the blood at death revealed: red cells, 1,540,000; hemoglobin, 
30 per cent; white cells, 7,200. The differential count was: monoblasts, 28, mono- 
cytes, 41, lymphoblasts, 23, and neutrophilic leukocytes, 8 per cent. 

The brain revealed a subdural hemorrhage over the posterior half of the left 
cerebral hemisphere and petechial hemorrhages in the corpus callosum. 

Microscopic Examination—The noteworthy features were: (1) minute hemor- 
rhages mixed with leukemic elements scattered especially in the cerebellum and 
less so in the white matter of the cerebrum (motor parietal areas), and (2) a 
marked increase in microglia throughout the brain. Around the hemorrhagic 
foci the microglia appeared to be swollen, elongated or irregular in outline; many 
of them resembled gitter cells. The adjacent smaller blood vessels and capillaries 
were hypertrophied, and their adventitial and endothelial layers were proliferated. 
This feature was more or less marked throughout the brain. There were many 
newly formed capillaries. Infiltration by leukemic cells was rather sparse and was 
present largely in the capillaries and smaller vessels. Similarly, the pial vessels 
contained few leukemic elements, except in some of the vessels at the base, which 
appeared to be thrombosed by the densely infiltrated leukemic cells. The pial 
meshes were distended, and in spots there were numerous leukemic cells, red blood 
cells, many fibroblasts and arachnoid cells. The ganglion cells showed degenera- 
tive changes similar to those in the other cases; many were completely destroyed, 
and neuronophagia was marked. Both glia nuclei and microglia were apparently 
increased in number. Rarefaction was marked, edema was general, and the spaces 
of His were greatly dilated. 


SUMMARY AND COMMENT 
In the fourteen cases reported, regardless of the type, histologic 
lesions were present, though in seven cases no definite clinical neurologic 
or cerebral manifestations were in evidence. Gross lesions (cerebral 
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hemorrhage) were present in three cases (6, 7 and 10), and in case 10 
there were also many leukemic nodules (lymphomas) scattered through- 
out the brain, which were similar to those described by Fried. Sub- 
dural hemorrhage was present in case 14 and petechial hemorrhages in 
cases 9 and 14. 

Gross leukemic infiltrations (tumors), also known as chloromas, were 
present only in case 11. The tumor involved the petrous bone, the 
retro-orbital region and the epidural space. In this case the following 
neurologic symptoms were present: diplopia, bilateral facial paralysis, 
bilateral partial deafness, retinitis, paraplegia, urinary retention and 
radiating pains down the back and the lower extremities. Cases in 
which both cranial nerves and the spinal cord are involved are rare 
(Fried,t Bassoe,* Critchley and Greenfield,*? Reese and Middleton *). 

The histologic changes may be circumscribed or diffuse, local or 
general. They may be divided into: (1) leukemic infiltration of the 
meninges, cranial nerves, perineurial spaces and parenchyma of the 
brain; (2) degeneration of the ganglion cells and nerve fibers with rare- 
faction, and (3) reactive proliferative phenomena of the meninges, 
blood vessels and glia. 

Leukemic Infiltration in the Meninges and Cranial Nerves—tThe 
meninges and pial vessels were more or less infiltrated in every case, 
especially in cases +, 8 and 11, regardless of the type of leukemia. Case 
+ was of the lymphatic, case 8 of the stem cell, and case 11 of the 
myelogenous, type. In these three cases the cranial nerves and peri- 
neurial spaces were also infiltrated. In case 4, there were diplopia, 
facial diplegia and paralysis of the lateral eye muscle; in case 8, left 
facial paralysis; in case 11, in addition to the cranial nerve involvement 
already mentioned, there was marked infiltration in the pia and vessels 
covering the optic chiasm. Even the vessels within the chiasm showed 
perivascular leukemic infiltrations. The chiasm was greatly rarefied and 
edematous. Retinitis was present during life. Such infiltration may 
give rise also to papilledema with symptoms of tumor of the brain, as 
reported by Hill and Lengsfeld.® 
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Leukemic Infiltration in the Parenchyma of the Brain.—Leukemic 
infiltrations in the brain may be diffuse, but are usually circumscribed, 
single or multiple, and may occur in any part of the brain, forming 
nodules or tumor-like aggregations of cells. In some instances they may 
be large, and can be recognized grossly as in case 10. They are usually 
surrounded by large or small hemorrhages, or the nodules may coalesce 
forming large diffuse dense leukemic hemorrhagic foci (cases 7 and 10). 
In cases 5 and 6 the leukemic infiltration was less marked. In these four 
cases the nodules were scattered throughout the brain. In case 2 they 
were found only in the pons. 

In three other cases (cases 9, 12 and 14) the nodules were minute 
and were overshadowed by hemorrhages. Such cases run an acute 
toxic course. Case 9 was of only one week’s duration, with the his- 
tologic picture of acute toxic encephalitis. In case 12 the duration was 
about four weeks and in case 14, five weeks. All three cases showed 
severe anemia. 

In addition to the infiltration in the parenchyma, the cerebral vessels 
and capillaries were also involved. Their lumens and often the peri- 
vascular spaces were greatly dilated, and crammed with leukemic ele- 
ments which frequently obscured the walls of the vessels. In fact, in 
four cases (5, 6, 7 and 10) the infiltration was general; the pial vessels, 
and in case 7 the longitudinal sinus, were also infiltrated.  Hellich * 
reported a case in which the sinus of the dura mater and sinus sig- 
moideus were involved, with the formation of thrombosis. 

The enormous accumulations of leukemic cells may cause not only 
thrombosis (cases 6 and 14) but also rupture of the walls of the vessels 
and severe gross hemorrhages (cases 6, 7, 10 and 14). Howell and 
Gough * reported a case of facial diplegia with leukemic infiltration in 
the pons, with a thrombosis in the region of the facial nucleus. Hemu- 
plegia with leukemic infiltration and hemorrhage in the pons were 
reported in a case by Hawksley.” Hemorrhages into the internal capsule 
(hemiplegia) and nerve centers (bulbar symptoms) were reported by 
Tapie and Cassar and Eisenlohr."! 

In my cases the symptoms were headaches, noises in the head, diz- 
ziness, nausea, vomiting, ataxia, progressive weakness and generalized 
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pains. In the acute cases there were restlessness, drowsiness, delirium 
and coma. Symptoms of meningitis were reported by Bass ** and 
Munro,'’* and jacksonian epilepsy by Hellich.* 

Degenerative Changes (Ganglion Cells, Nerve Fibers, etc.) —Degen- 
eration of the ganglion cells was present in all the cases. In case 9 the 
changes in the ganglion cells were especially severe (liquefaction), with 
the histologic picture of an acute toxic encephalitis. Chromatolysis with 
neuronophagia and axonophagia was common. Swelling of the ganglion 
cells, vacuolation, perinuclear liquefaction, ischemic cell changes and 
changes in axonal reaction were present and varied with the degree of 
the leukemic infiltration, hemorrhages and toxic action. The nerve 
fibers also showed changes, especially swelling of the myelin and axons. 
Rarefaction was a prominent feature and was present in the majority 
of the cases. Edema was present in eleven cases. Necrosis and small 
cavities and softenings, especially adjacent to hemorrhagic foci, were 
not uncommon. Reactive proliferative phenomena on the part of the 
glia, blood vessels and meninges were constant observations. Of inter- 
est was the great increase in the microglia in nine cases, especially in 
case 14 which was of a monocytic type. In the latter case the capil- 
laries were greatly proliferated and many were newly formed. 

Glia nodules and diffuse glial proliferation, often mixed with leu- 
kemic elements, were present in cases 5, 6, 7, 10 and 11. The oligoden- 
droglia also was increased and swollen. ‘The astrocytes were, as a rule, 
hypertrophied. In general, the adventitial and endothelial layers of the 
blood vessels and capillaries were proliferated. 


CONCLUSIONS 
1. Fourteen cases of various types of leukemia are reported. 
2. Regardless of the type, central or peripheral nerve changes may 
be present. 
3. The parenchyma, nerve cells and nerve fibers exhibit degenerative 
changes 


+. The ghia, blood vessels and meninges show reactive phenomena. 


5. The changes are due partly to toxemia and partly to mechanical 


DISCUSSION 
Dr. Greorce B. Hassin, Chicago: In the cases presented by Dr. Diamond 
there is one interesting feature—lack of correspondence between the intensity of 


the histologic changes and that of the clinical phenomena. The former may be 
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marked, the latter mild, or vice versa. The changes in the brain are covered in 
full in a number of cases unparalleled in the history of this neuropathologic 
problem. 

About six years ago Fried, of Boston, collected thirty cases from the literature, 
only a few of which had been studied histopathologically, while Dr. Diamond has 
presented a personal study of fourteen cases. This was made possible through the 
efforts and cooperation of Dr. Jaffé, the pathologist of Cook County Hospital, 
who will continue the discussion. 

Dr. R. H. Jarré, Chicago: In the modern literature there is a tendency to 
consider leukemia as characteristic of cases of malignant tumor. I do not think, 
however, that this assumption is warranted, since fundamental differences exist 
between leukemia and malignant tumors. While in malignant tumors metastases 
develop from the primary tumor owing to the implantation of cells derived from 
the primary tumor, the leukemic infiltrations develop locally from the undifferen- 
tiated mesenchyma, which is widely distributed in the body and is found especially 
about the smaller blood vessels. Normally, this undifferentiated mesenchyma, when 
irritated, gives rise to free histiocytes and probably also to lymphocytes and 
plasma cells. In leukemia there is a fundamental change in the reactivity of the 
mesenchyma in that even a slight physiologic stimulation induces an abundant 
proliferation of the perivascular cells, which may differentiate into lymphoid or 
myeloid tissue. Thus the leukemic tissue develops locally and not by implantation 
from a primary focus. The organs most commonly affected by the proliferation of 
leukemic cells are the bone marrow, spleen, lymph nodes, liver, lymphatic tissue of 
the digestive tract and kidneys. In some instances the proliferations are more 
generalized, involving also the heart, suprarenal glands, thyroid, lungs, skin and 
other structures. It is interesting to see how the mesenchyma of the nervous system 
reacts in cases of leukemia; it seems to me that it does not act differently from 
the mesenchyma of the other regions of the body. The presence of toxic changes 
in the brain in cases of acute leukemia supports my conception that there exist 
intimate relations between infection and leukemia. There is, perhaps, an inherited 
or acquired abnormal irritability of the mesenchyma, the leukemic tendency of 
which becomes manifest under the influence of a variety of toxic or infectious 
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SUBACUTE TYPE WITH OCCLUSION OF THE FORAMINA OF MONRO 
AND HYDROCEPHALUS OF THE LATERAL VENTRICLES 


JAMES G. ARNOLD Jr., M.D. 


BALTIMORE 


Ependymitis occurs in a rare primary form in which the ependyma, 
subependyma and choroid plexus alone are affected and as a frequent 
secondary form in which these structures are involved following menin- 
geal infections or rupture of an abscess of the brain into the ventricular 
system. Primary ependymitis is of unusual interest to the neurologist, 
the surgeon and the pathologist because of difficulty of diagnosis, the 
similarity to cerebral neoplasm and the unique selective inflammatory 
changes affecting the entire ventricular ependyma. The purpose of this 
article is to report an example of primary subacute ependymitis and 
to review briefly the literature. 


REPORT OF A _ CASE 
History.—W. G., a white man, aged 32, married, a welder, was admitted to the 
medical service of Dr. Harry M. Stein, University Hospital, on Sept. 29, 1932, 
with the complaint of frontal headache and increased libido. At the age of 10 
he had fallen into an ore pit and been unconscious for three days. At the age 
of 20 he had a penile sore, but never received antisyphilitic treatment. He had 
been married for thirteen years, and his wife had given birth to four children, with 


no miscarriages. On September 1, four weeks prior to admission, he consumed 
a large quantity of alcohol, beer and crabs. On the following day vomiting 
occurred several times, and he began to have intense frontal headache. The head- 


ache persisted almost constantly until the time of admission, but with a tendency 
to recede in intensity; at the time of admission it was dull and gnawing. On close 
questioning he denied ever having had headache except for a short period five 
years before, when it had been relieved by glasses. Between September 8 and 29 
he had several attacks of diplopia. From the wife it was learned that for the 
past six or eight months he had shown a change in personality, demonstrated by 
a decreased interest in his work and by irritability. He also began to have exces- 
sive sexual desire. For the few months prior to admission there had been a 
decrease in memory, lack of attentiveness and absence of initiative. 
Examination.—The patient was well nourished and tried to cooperate, but had 
a much delayed reaction time. He was disoriented as to time, and his memory 
for recent events was poor. There was a slight weakness of the left side of the 
face. The knee and ankle jerks were slightly hyperactive, and the Babinski and 
Oppenheim signs were bilaterally positive. The gait was slightly ataxic, with a 
tendency to fall to the right. The abdominal reflexes were absent, but the cremas- 
teric reflexes were present and active. The fundi showed no evidence of papill- 


From the Departments of Neuro-Surgery and Pathology, School of Medicine, 
University of Maryland. 
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edema; the veins were slightly overfilled, and no hemorrhage or exudate was seen. 
A small amount of connective tissue was present, however, over the right nerve 
head. <A general physical examination otherwise gave normal findings. 

With the exception of a faint trace of albumin the urine and blood were normal. 
The nonprotein nitrogen and sugar were normal. The spinal fluid was clear, con- 
tained 12 cells and showed no increase in protein. The Wassermann reaction of 
both the spinal fluid and the blood was negative. A roentgenogram of the skuil 
showed the cranial bones of normal thickness and density; the sella turcica was 
normal in size and outline. 

Course.—Between October 1 and 17 the patient’s condition remained essentially 
the same as on admission. Neurologic examinations from time to time revealed no 


Fig. 1—A ventriculogram, anteroposterior view, showing the greatly dilated, 
symmetrical lateral ventricles. Note that the third ventricle is not visualized. 


essential change. He seemed somewhat apprehensive, however, about losing his 
mind. Ventriculography was deemed advisable, and this was done on October 17 
by Dr. Richard Coblentz. The needle was introduced into the posterior horn of 
the right ventricle, which was easily reached. A large amount of fluid was with- 
drawn and replaced by air. The left side of the head was turned uppermost and 
more fluid was allowed to escape. Examination of the cerebrospinal fluid gave 
entirely negative results. Examination of the ventriculograms by Dr. H. J. Walton 
showed both lateral ventricles to be symmetrical and greatly dilated (fig. 1). The 
lateral views showed no filling defect of the lateral ventricles. The third ventricle 
could not be visualized. Since by the introduction of air into the posterior horn 
of the right lateral ventricle both lateral ventricles were equally well outlined, it 
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2.—A photograph of a frontal section, 3 mm. anterior to the optic chiasm, 


Fig. 
showing the greatly dilated, symmetrical lateral ventricles and engorgement of the 


subependymal blood vessels. 


Fig. 3—A photograph taken at the same level as figure 2, caudal view, showing 
the occluded foramina of Monro. The right foramen is in the center of the circle. 


Note the fenestrated septum pellucidum. 
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was logical to assume that the foramina of Monro were patent. Inability to visu- 
alize the third ventricle, together with the assumed patency of the foramina of 
Monro, suggested the possibility of a tumor of the third ventricle which had not 
yet encroached on the region of the interventricular foramina. 

The patient stood the injection of air very well, but seven hours later suddenly 
became unconscious; breathing became stertorous, a divergent strabismus of the 
right eye appeared, and the pulse rate dropped to 52. A ventricular puncture was 
done, and the air was withdrawn; shortly afterward the patient recovered con- 
sciousness and breathing became better, with an increase in the pulse rate to 96. 
The next day there was a repetition of unconsciousness. After ventricular punc- 


Fig. 4.—The third ventricle was bisected in order to show the point of entrance 
of the foramina into the third ventricle. The constricted ostia are in the center 
of each rectangle. Note that the choroid plexus is tightly constricted and the 
lumens are not patent. 


ture air was expelled under considerable pressure, followed by blood-tinged fluid. 
About 30 cc. of fluid was withdrawn. The temperature rose to 103 F. rectally 
and remained elevated until October 25, by which time it had gradually returned 
to normal. During this period there was a slight improvement in the patient’s 
general condition. Two days later, however, he began to vomit and became stu- 
porous, with a rise in temperature to 101 F. The following day the temperature 
rose to 106 F., the pulse became rapid and thready, and death ensued. 

Necropsy (Dr. Christopher C. Shaw).—Examination of the viscera revealed 
nothing of importance. No evidence of visceral syphilis was detected. On opening 
the head, the dura was found to be tight. The cerebral convolutions appeared 
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markedly flattened. The leptomeninges showed no evidence of inflammatory reac- 
tion. The cortical veins over the left frontal and parietal regions were moderately 
dilated as they entered the longitudinal sinus. The hemispheres appeared symmet- 
rical, but on palpation were extremely boggy. No inflammatory exudate was seen 
over the base, and the basilar cisterns appeared free. The vertebral and basilar 
arteries and the arteries of the circle of Willis did not appear sclerotic. In a frontal 
section 3 mm. anterior to the optic chiasm (fig. 2) the lateral ventricles were found 
to be tremendously dilated. The septum pellucidum was fenestrated throughout, pre- 


Fig. 5—A photomicrograph of a section through the foramen of Monro from 
the blocked area in figure 4, showing an ependymal granulation surrounded by 
inflammatory cells bridging the foramen. A and B are the walls of the foramen 
and C is the bridge of glia fibrillae. Hematoxylin-eosin stain; « 200. 


senting a lattice-work effect which consisted chiefly of the septal blood vessels. This 
defect allowed free interchange of cerebrospinal fluid from one ventricle to the 
other. The ependymal lining appeared dull, and the subependymal veins of the 
ventricles were greatly dilated. Both foramina of Monro were seen macroscop- 
ically to be occluded by the swollen choroid plexus, with marked thickening of the 
surrounding ependyma (figs. 3 and 4). Frontal section through the mamillary 
bodies showed the third ventricle normal in size, with no evidence of dilatation. 
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The temporal horns of the lateral ventricles were greatly dilated. Section through 
the cerebellum showed the fourth ventricle of normal size and shape, although the 
ependymal lining appeared dull and thickened. The dural sinuses were dissected, 
and no evidence of thrombosis was seen. 

Microscopic Examination: Serial sections were made through both foramina 
of Monro, beginning at their point of entrance into the third ventricle and cutting 
laterally. Both foramina were bridged by a proliferation of glia fibrillae (fig. 5). 
The constricted foramina contained inflammatory cells surrounding the choroid 


Fig. 6—A high power magnification of the choroid plexus. Note the increase 


in the stroma of villi; « 300. 


plexus. These cells consisted chiefly of lymphocytes, plasma cells, denuded ependy- 
mal cells and an occasional polymorphonuclear leukocyte, thus presenting a cellular 
reaction of the subacute or chronic inflammatory type. The ependymal lining was 
absent. There was marked gliosis of the subependymal zone around both foramina, 
with ependymal granulations extending into the foramina. A marked perivascular 
lymphocytic infiltration was seen in the subependymal zone. The subependymal 
capillaries were engorged and dilated. The choroid plexus was hyperplastic, with 
an increase in the stroma of the villi (fig. 6). A section through the left lateral 
ventricle 1 cm. from the foramen of Monro showed desquamation of the ependymal 
lining, with a typical ependymal granulation protruding into the ventricle. This 
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nodule consisted of glia fibrillae covered by desquamated ependymal cells. The 
subependymal gliosis and perivascular infiltration by round cells were found only 
in the subependymal zone. In the region of the temporal horns of the lateral 
ventricles the ependymal lining appeared normal except for an occasional area of 
desquamation. The subependymal region, however, showed the same marked peri- 
vascular infiltration by round cells noted in the region of the foramina of Monro. 
The cerebral aqueduct was irregular in outline; the ependymal lining was absent, 
and moderate gliosis was present in the periaqueductal region, together with peri- 
vascular infiltration by round cells. In the fourth ventricle the choroid plexus 
was hyperplastic, and in several places inflammatory cells were found enmeshed 
in the plexus. The cells were of the same type as those seen in the region of 
the foramina of Monro. The ependymal lining was desquamated in several areas. 
In the adjacent subependymal zone, perivascular infiltration by round cells and 
glial reaction were present, but to a much less degree than in the region of the 
third ventricle. Blocks were taken from all the lobes of the cortex and cerebellum. 
The cortex and adjacent subcortex appeared essentially normal. The leptomeninges 
from representative sites were carefully examined, and at no place was an inflam- 
matory reaction detected. In the interpeduncular space and around the cerebellum 
accumulations of cells were seen which on first sight appeared to be of an inflam- 
matory nature, but on closer examination were seen definitely to be nests of normal 
meningeal cells. Stains failed to reveal the presence of bacteria. 


Summary of Case —The outstanding symptoms were those of men- 
tal deterioration, change of personality, excessive sexual desire and 
headache. The onset of the disease was insidious, with an acute exacer- 
bation eight weeks prior to death, as shown by the sudden development 
of headache, vomiting and diplopia. The neurologic signs were bilateral 
and of little localizing value. The cerebral symptoms suggested a lesion 
of the frontal lobe, either a neoplasm or, though less likely, dementia 
paralytica. Ventriculographic findings of bilateral dilatation of the 
lateral ventricles without visualization of the third ventricle placed the 
lesion in the third ventricle. Obstruction of the interventricular foramina 
was not suspected because of the free communication between the 
ventricles. The pathologic changes consisted of obstruction of the 
foramina of Monro by a subacute inflammatory process, with a marked 
glial reaction and destruction of the ependymal lining, swelling and 
hyperplasia of the choroid plexus, a marked perivascular lymphocytic 
reaction involving the subependymal tissues of the entire ventricular 
system and the presence of isolated ependymal granulations in many 
places throughout the ventricular system. Circulation of cerebrospinal 
fluid between the lateral ventricles was through the patent septum pellu- 
cidum. No evidence of visceral syphilis was found. 

The patient presented a real diagnostic problem clinically, as well 
as a difficult decision for the neurosurgeon. In retrospect it is difficult 
to promulgate diagnostic criteria which might be of help in future cases 
of this tvpe. However, the development of hydrocephalus that runs 
an intermittent course in a previously healthy adult with the absence 
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of definite localizing signs was pointed out by Cushing ! as a suggestive 
clue. Ventriculography is of value in determining the point of obstruc- 
tion and in ruling out ventricular distortion, which is not seen in 
ependymitis. 

COMMENT 

The term “primary” is used to designate the relatively uncommon 
group of cases of ependymitis in which there is no demonstrable con- 
comitant inflammatory reaction of the leptomeninges or cerebral tissue. 
Until more is known about the etiology it seems wise to separate this 
group from the common secondary type. When ependymitis is the result 
of meningitis or abscess of the brain, the clinical course is that of the 
underlying disease. In the primary type the course and prognosis seem 
to depend on only one factor, 1. e., the appearance and degree of obstruc- 
tive hydrocephalus. Primary ependymitis, then, is a selective process, 
either toxic or infectious, which affects only the ventricular ependyma, 
subependyma and occasionally the choroid plexus, producing symptoms 
by its stenosing effect on the ventricular foramina, with concomitant 
obstructive hydrocephalus. [Examples of the acute stage of the disease 
are uncommon. Only two cases could be found in the literature. The 
disease ran an acute course, and the patients died within forty-eight 
hours after the onset. In Coutts’ case * streptococci were isolated from 
the ventricular fluid, and there was no associated infection of the other 
organs. Fisher’s case * was primary as far as the brain was concerned, 
There was, however, coexisting lobar pneumonia. Friedlander’s diplo- 
bacillus was obtained on culture from both the ventricular fluid and 
the consolidated lung. 

The acute stage of the disease, then, is of little importance because 
of its rarity and short duration. The majority of cases of primary 
ependymitis become manifest in the subacute and chronic stages, and 
then only when obstruction of the ventricular system has occurred. An 
example of the subacute stage of the disease is clearly shown in the 
report of Globus and Strauss.* 


The patient was 42 years of age, and the course of the illness extended over 
ter months. During this time he suffered frequent attacks of dizziness followed 
by projectile vomiting, and showed bilateral papilledema, diminished knee jerks 
and an unsteady gait. Four months after the onset he manifested mild psychic 


1. Cushing, Harvey, in Keen, W. W.: Surgery, Philadelphia, W. B. Saunders 
Company, 1908, vol. 3, p. 143. 

2. Coutts, J. A.: A Case of Acute Ependymitis in an Infant, Lancet 2:1163 
(April 25) 1903. 

3. Fisher, Theodore: Acute Ependymitis, Lancet 2:1543 (May 30) 1903. 

4. Globus, Joseph H., and Strauss, Israel: Subacute Diffuse Ependymitis: 
Report of a Case Simulating Tumor of the Brain, Arch. Neurol. & Psychiat. 19: 
623 (April) 1928. 
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disturbances, such as clouded orientation and the impairment of memory for recent 
events. Ventriculographic examinations revealed an obstruction of both foramina 
of Monro. The clinical diagnosis of tumor of the third ventricle was regarded 
as the most probable. The intermittent character of the papilledema is an inter- 
esting point in the course. Necropsy showed a subacute inflammatory process 
which involved the entire ventricular ependyma and subependyma. The foramina 
of Monro were grossly obstructed, and the third ventricle was occluded by a cyst 
derived from the ependymal lining. 


This case is of particular interest because of the similarity to the 
one here reported. Other examples of the subacute stage have been 
reported by Burr and MacCarthy,’® Tillgren,® Cushing* and Parker 
and Kernohan.* In all these cases the pathologic picture conformed 
in the essential details to the subacute form of the disease. In none 
was there evidence of coexistent meningeal or cerebral infection, and 
in none was the patient proved to have syphilis. 

If obstruction does not occur during the subacute stage evidence of 
acute inflammation disappears and the disease passes into the chronic 
stage. Here the ependyma and subependyma show extensive changes, 
but with a more advanced gliosis of the subependyma and greater preva- 
lence of ependymal granulations. The ventricular foramina are finally 
occluded by an overgrowth of the surrounding glia. Examples of the 
chronic stage have been reported by Spiller * and by Pierce.® The type 
of ependymal involvement seen in many cases of congenital hydrocepha- 
lus conforms rather closely to the chronic stage. Examples of this are 
seen in the report of Schlapp and Gere’ of four cases of internal 
hydrocephalus with occlusion of the aqueduct of Sylvius due to central 
gliosis, a marked proliferation of the ependymal cells and_ typical 
ependymal granulations. 

The etiology of the primary type is obscure. The fact that the 
ependymal epithelium, the choroid plexus and the subependymal region 
throughout the ventricular system are alone involved suggests that they 
are affected by a toxic or inflammatory process which remains localized 


5. Burr, C. W., and MacCarthy, D. J.: Acute Internal Hydrocephalus: A 
Clinical and Pathological Study, J. Exper. Med. 5:195 (Oct. 25) 1900. 

6. Tillgren, N.: Ein seltener Fall von Ependymitis des IV Ventrikels, Ztschr. 
f. klin. Med. 63:153, 1907. 

7. Parker, H. L., and Kernohan, James W.: Stenosis of the Aqueduct of 
Sylvius, Arch. Neurol. & Psychiat. 29:538 (March) 1933. 

8. Spiller, W. G.: Two Cases of Partial Internal Hydrocephalus from Closure 
of the Interventricular Passages; with Remarks on Bilateral Contractures Caused 
by a Unilateral Cerebral Lesion, Am. J. M. Sc. 124:44 (July) 1902. 

9. Pierce, Lydia B.: Acquired Hydrocephalus, Am. J. Psychiat. 12:769 
(Jan.) 1933. 

10. Schlapp, M. G., and Gere, B.: Occlusion of the Aqueduct of Sylvius in 
Relation to Internal Hydrocephalus, Am. J. Dis. Child. 13:461 (June) 1917. 
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to these tissues. Since the meninges have shown no inflammatory 
changes in the few reported cases it seems logical to assume that the 
choroid plexus may allow the filtration of toxins or bacteria from the 
general circulation, a view expressed by Mérle.'! The case of Coutts 2 
shows that infection of the ventricular ependyma can occur without 
meningitis in infections carried by the blood stream. It is the opinion of 
Schlapp and Gere *’ that “cases developing in previously healthy adults 
and older children may have been brought about through the stimulation 
by some chemical poisoning of a tissue which is embryologically defec- 
tive.” In discussing their case Burr and MacCarthy ® stated that “the 
nature of the lesions suggested that they might have been caused by the 
reaction of the tissues to some toxic or irritative constituent of the 
ventricular fluid.” To test this hypothesis foreign substances were 
injected into the ventricles of kittens (sterilized urine, suprarenal extract, 
tuberculin, hydrochloric acid and phenol). With all these substances 
the changes were essentially the same, the difference being only one of 
degree. They consisted of a proliferation of the ependyma, with an 
amorphous exudate on the surface, swelling of the glia fibers and peri- 
vascular infiltration by round cells. 

In a series of experiments on hydrocephalus Thomas '* made some 
pertinent observations. Aleuronat was injected into the ventricular 
system of dogs. He was able to produce obstructive hydrocephalus 
of the foramen of Monro, the aqueduct of Sylvius and the foramen of 
Magendie. In the experiments in which the animals lived less than 
one week, the picture was one of acute inflammation, as shown by an 
inflammatory reaction of the ventricular lining, proliferation of 
ependymal cells, polymorphonuclear leukocytes surrounding the foreign 
substance in the ventricles, edema of the choroid plexus and infiltration 
by an immense number of polymorphonuclear leukocytes. In the sub- 
ependymal region the vessels were infiltrated by polymorphonuclear 
leukocytes. In the experiments ending between the fourteenth and 
twenty-eighth days the signs of acute inflammation were no longer 
present and there was a marked increase of connective tissue in the 
choroid plexus. Plasma cells occurred in considerable number. There 
was greater proliferation of the ependyma. Choked disk was demon- 
strated in one animal, which was explained by the well-marked hydro- 
cephalus found in this group of experiments. In the experiments 
with a duration longer than twenty-eight days the animals showed a 
marked degree of hydrocephalus. 


11. Mérle, Pierre: Etude sur les épendymites cérébrales, Thése de Paris, 
1910. 

12. Thomas, Walter S.: Experimental Hydrocephalus, J. Exper. Med. 19: 
106 (Jan.) 1914. 
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Syphilis has been suggested as a possible cause, but the reported 
cases have shown no connection with this disease. Syphilis may pro- 
duce a clinical picture simulating the subacute and chronic stages of 
primary ependymitis, but this is due to obstruction of the foramina 
of Luschka and Magendie by basilar meningitis with resultant hydro- 
cephalus, as shown in the report of seven cases by Greenfield and 
Stern.** Ependymal involvement of the adjacent fourth ventricle occurs, 
but as these writers stated, “the ependymitis and extra-pial overgrowths 
of neuroglia associated with gummatous meningitis are direct results of 
inflammation in relation to these membranes.” The reports of Bram- 
well '* and Mérle * showed that tuberculous meningitis may also simu- 
late eee ependymitis by the same process as syphilitic meningitis, 
i. e., by obstruction of the foramina of the fourth ventricle by plastic 

The characteristic pathologic picture of the disease and the slowly 
progressive clinical course, together with the experimental work cited, 
lead one to the conclusion that primary subacute and chronic ependymitis 
is the result of intoxication, either bacterial or toxic, which shows 
specificity for the ventricular ependyma. The choroid plexus is the 
probable portal of entry. 

SUMMARY 
1. Primary ependymitis is a distinct pathologic entity. A case of 
the subacute type is reported. 

The pathologic changes are characterized by a selective subacute 
inflammatory process which involves the entire ventricular system, being 
limited to the ependyma, subependyma and choroid plexus. 

3. Should ventricular obstruction not occur in the subacute stage 
the inflammatory reaction subsides and the condition becomes chronic. 

4. The inflammatory process with subependymal glial proliferation 
tends to occlude the ventricular foramina, with the development of 
obstructive hydrocephalus. 

The choroid plexus is the most likely portal of entry of the 
toxins or bacteria. 

The signs and symptoms are due chiefly to hydrocephalus: 
increased intracranial tension (headache, vomiting, mental changes, papil- 
ledema, bradycardia and occasionally convulsions ), few, if any, localizing 
signs, and a tendency toward remissions. 

The disease is simulated by cerebral neoplasm, tuberculous 
meningitis and syphilitic meningitis. 


13. Greenfield, J. G., and Stern, R. O.: Syphilitic Hydrocephalus in the Adult, 
Brain 55:367 (Sept.) 1932. 
14. Bramwell, Byrom: On the Localization of Intracranial Tumours, Brain 
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A STUDY OF MOTOR AUTOMATISMS 


MAX SEHAM, M.D. 
AND 
D. V. BOARDMAN, M.D. 


MINNEAPOLIS 


Human behavior, in a physiologic sense, may be defined as visceral 
and muscular activity. If one starts with the premise that activity of 
the central nervous system is expressed by muscular movements, then 
direct observation of such phenomena should be an important and valid 
method for the study of normal as well as abnormal human behavior. 

The investigation of muscular movements abounds with many diffi- 
culties and limitations. The various types of motor phenomena which 
come under this heading are so numerous and ambiguous as to kind and 
frequency that no two authors agree entirely in their designation. The 
definitions of these phenomena, referred to in medical and psychologic 
literature as tics, habit spasms, stereotyped acts or motor automatisms, 
vary with the school of thought. The most comprehensive definition was 
first propounded by Meige and Feindel in 1906: 

A tic is a coordinated purposive act, provoked in the first instance by some 
external causes or by an idea; repetition leads to its becoming habitual, and finally 
to its involuntary reproduction without cause and for no purpose; at the same time 
as its form, intensity and frequency are exaggerated, it assumes the characters of 
a convulsive movement, inopportune and excessive, its execution if definite often 
preceded by an irresistible impulse, its suppression associated with malaise. The 
effect of distraction or of volitional effort is to diminish its activity; in sleep it 
disappears. It occurs in predisposed individuals, who usually show other indica- 
tions of mental instability. 


The term habit spasm has been used chiefly in reference to organic 
disease, such as hemorrhage of the brain, tumors and encephalitis with 
resultant abnormal movements and postures. “Stereotyped acts” are not 
true clonic contractions of the muscles, but rather involuntary irrelevant 
motor acts which become permanent, such as pouting the lips or keeping 
the tongue out when writing, dangling keys, playing with a watch chain 
or chewing gum or tobacco when talking or doing work of any kind. 
The phrases motor automatisms and motor habits are loose general 
designations. In the succeeding pages all these terms will be used 
interchangeably. 

From the Department of Pediatrics, University of Minnesota. 
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The objectives of this investigation are: (1) to determine the quality 
and quantity of muscular movements and postures of fifty-seven school 
children as they sat in their classrooms; (2) to correlate the data 
collected with (a) the health habits of the children, (b) their physical 
status and (c) their functional disorders, and (3) to establish a classifi- 
cation if possible. 

METHOD OF PROCEDURE 


The method of observing and recording the various automatisms was, with a 
slight modification, that devised and perfected by Olson in a comprehensive study 
made in 1929. Since the reliability of the observations of Olson and his co-worker 
was high (the coefficients being 0.86 and 0.93) it was thought sufficient that one 
of us (Dr. Boardman) should carry on the actual observations. Twenty-eight 
boys and twenty-nine girls attending the seventh and eighth grades in junior high 
school were selected, chiefly because they would be intelligent in their understand- 
ing and cooperation and also because preliminary observations indicated that the 
incidence of motor habits is high at that age. The observations were made for 
twenty days on successive Mondays, Wednesdays and Fridays at 9 a. m. and 
2:30 p. m. for periods of five minutes each. Any kind of movement of any part 
of the body was recorded. The pupils were not aware of being observed. The 
experimenter always occupied the same seat (a little to the left in front of the 
second row). In this position he was able to note all the movements of the ten 
children sitting in the two rows. Because mental stimulation was likely to increase 
the number of movements, the observations were carried out during study periods 
only. There was some difficulty in deciding what method to use for scoring. It 
was a question whether it would be more accurate to give a score of 1 to each 
period of observation during which there were 1 or more tics or whether each tic 
seen should be counted. Some of these habits, such as holding a pencil in the 
mouth, were continuous, which, of course, must be scored as 1. Others, such as 
blinking, were of short duration and might recur with frequency. Nevertheless, 
we decided in favor of the latter system, giving a score of 1 for each single 
automatism. For example, if the child indulged in a continuous movement, such as 
motor restlessness of the trunk as a whole, he received a score of 1. If, during 
the five minute observation he blinked four successive times he was given an 
additional score of 4. In this way both the kind and quantity of the movements 
were recorded. 


QUANTITATIVE STUDY OF MOTOR AUTOMATISMS 

Though all the motor automatisms were recorded, only the most com- 
mon habits which were most likely to have pathologic significance will 
be discussed. Rare and severe respiratory and alimentary tics or bizarre 
disorders of speech, such as grunting, barking, sobbing, deep sighing, the 
repeating of words or the uttering of obscene language, etc., did not 
manifest themselves. 

The movements most frequently observed were those of the hands, 
such as sucking the fingers, holding the fingers in the mouth and biting 
the fingernails. The total for these was 1,311 (table 1). The next most 
frequent movements were playing with the hair and scratching the head 
(total, 1012). Next came movements of the fingers alone, such as 
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clenching the fist, tapping on the desk, plucking one finger with another 
and cracking the knuckles. These totaled 798. General motor rest- 
lessness, such as shifting the body and change of posture, was present 
662 times. Touching any part of the face except the mouth occurred 
455 times. Movements of the nose, expressed by wrinkling, snuffing 
and blowing, were counted 282 times. Grimaces, ordinarily called 
“faces,” such as showing the teeth by pulling back the muscles of the 
mouth, were recorded 245 times. Movements of the eyes were limited 
to blinking; they occurred 176 times. There were 135 movements of 


TABLE 1.—Quantitative Analysis of Motor Automatisms in Fifty-Seven Children 
Observed During Twenty-Five Periods 


Total, Total, 
Kind of Mand F, Mand F, 
Automatism Sex Number A. M. P. M. Total A. M. P. M. Totals 
M 28 229 299 528 
F 29 343 440 783 572 739 1,311 
Ce M 28 156 290 376 
F 29 293 343 636 449 563 1,012 
es M 28 286 183 469 
F 29 160 169 329 446 352 798 
Motor restless- M 28 219 180 399 
ness F 29 153 110 263 372 290 662 
ee M 28 116 108 224 
F 2u 106 125 31 222 233 455 
Nose M 8 89 6 2 
F 29 65 65 130 154 128 282 
Grimaces. M 28 61 93 154 
F 29 39 52 91 100 145 245 
M 28 54 45 99 
F 29 47 ) 77 101 75 176 
ee M 8 23 8 61 
F 29 31 43 74 54 81 135 
Fawning......50. M 28 53 27 80 
F 29 34 15 49 87 42 129 
M 28 35 14 49 
F 29 13 14 27 48 28 76 
M 28 1,821 1,270 2,591 
F 29 1,284 1,406 2,690 2,605 2,676 5,281 


the feet, such as shaking, tapping and changing the position. Yawning 
was noticed 129 times. Fingering, scratching, pulling and rubbing the 
ears were observed 76 times. 

The girls showed a significantly larger number of tics of the mouth, 
of the hands, of playing with the hair and of biting the fingernails. The 
boys scored higher in finger movements, blinking, motor restlessness, 
yawning, grimaces and movements involving the nose and ear. Com- 
parison of the observations made in the morning and in the afternoon 
reveals that there was an increase in the automatisms referring to the 
mouth, hair and feet and in grimaces in the afternoon, while automatisms 
referring to the fingers, eyelids and ears, yawning and general motor 
restlessness were more frequent in the morning. There was also a con- 
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sistent increase in the incidence with age (table 2). The average for 
12 year old children is 3.88 and 4.6 for girls and boys, respectively, 
against 5.05 for those 15 and 16 years old. 


SPECIFICITY OF MOTOR HABITS 


Olson found that motor habits are highly specific and fairly con- 
stant, and that they are a good index of an underlying predisposition 
which is constant over the periods of time studied. Our reasons for 
disagreeing with this general proposition and the evidence for it will 
be discussed later in greater detail. At this time it is sufficient to men- 
tion that our study of the daily records of each child shows that these 
habits are not specific or constant, but are easily affected by many 
environmental factors. During the twenty days of observation not one 


TasLe 2.—Number of Motor Automatisms Observed in Boys and Girls of Various 
Ages During Morning and Afternoon 


Age, Average Average Total 
Years Number Sex A. M. P. M. Total for A. M. for P.M. Average 
12 5 M 200 188 388 4.00 3.76 3.88 

ll F 475 538 1,013 4.32 4.89 4.60 

13 17 M 795 808 1,603 4.68 4.75 4.71 
15 F 636 708 1,336 4.24 4.72 4.45 

14 2 M 113 84 197 5.65 4.20 4.93 
3 F 173 168 341 5.77 5.60 5.68 

15 2 M 110 92 202 5.50 4.60 5.05 
0 F 0 0 0 0 0 0 

16 2 M 103 99 202 5.15 4.95 5.05 
0 F 0 0 0 0 0 0 

M 1,321 1,270 2,591 4.72 4.54 4.62 
F 1,284 1,406 2,690 4.43 4.85 4.64 


child was free from any of the 13 motor habits. The range of vari- 
ability was from 1 to 18 movements at a sitting. On one day one form, 
on another day a different form, would be predominant. An example 
may be cited: 


In J. A., on the first day, 6 miscellaneous movements were noted; on the second 
day, 3 movements, 2 of which were related to the head; on the third day, 7 move- 
ments, 3 of which were related to the mouth, the other 4 being miscellaneous; on 
the fourth day, 4 movements of different kinds, and similarly for the remaining 
sixteen days. So inconstant were the movements as to kind and frequency that 
it was not considered advisable to present the data in a special table. 


RELATIONSHIP BETWEEN MOTOR HABITS AND VARIOUS 
ETIOLOGIC FACTORS 


Sleep and Food.—In a previous study * it was shown that a significant 
relationship exists between inadequate food and sleep, on the one hand, 


1. Seham, Max, and Seham, Grete: The Relation Between Malnutrition and 


Nervousness, Am. J. Dis. Child. 37:1 (Jan.) 1929. 
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and subjective fatigue and nervousness, on the other. The incidence of 
these two disorders was twice as high among children with inadequate 
food and sleep as in those whose food and sleep were adequate. To 
establish whether motor automatisms are more prevalent in subjects 
with inadequate sleep and food, the children were divided into two 
groups: those who had tics numbering 89 or more and those with tics 
numbering 88 or less (table 3). It was found that in the upper group 
(those with 89 tics and more) 41 per cent of the children had inadequate 
sleep, as compared with 26 per cent in the lower group (those with 
88 tics and less). With regard to inadequate food, the difference is 
apparently not so striking. Nine per cent of the upper group suffered 
from inadequate food, as against 5 per cent of the lower group. 

To the reader these differences may appear to be slight. However, 
their real meaning and significance can be established by means of 


TABLE 3.—Relation Between Sleep and Food and Motor Automatisms 


Sleep Food 
— 
Adequate Inadequate Adequate Inadequate 
Number No. Per Cent No. Per Cent No. Per Cent No. Per Cent 
Upper 50% 89+........ 13 59 9 41 20 91 2 9 
Lower 50% 88—........ 14 74 5 26 18 95 1 5 
15 4 


* Explanation of the symbols in this and the following tables is given in footnote 2. 


Pearl’s formula.2 The chances against these differences being an error 
of random sampling are about 2: 1 for the former and less than 1:1 for 
the latter. This shows a slight positive tendency. This tendency 


2. In order to determine the significance of the probable errors of the means, 
the following formulas were used, in which P E indicates probable error: SD, 
standard deviation; M, the mean; N, the number, and D, deviation: 


(1) = 0.6745 


(2) PEpy,—. = VP Emi? + P Em? 


(3) - PEp - = Ratio 


A ratio of 3 means that the probability that the estimated difference arose purely 
as a result of chance is 4.3 per cent, or, to put it in another way, in 100 trials a 
deviation of this size or greater would be expected as a result of chance alone 4.3 
times. If this is expressed in still a more practical way, one could say that the 
odds against the estimated ratio occurring as a result of chance alone is 22.26: 1. 
If the ratio is 4, the odds against such a deviation are 142.26:1. <A difference is 
considered to be significant if the odds are about 100:1 or greater. This scheme 
will be used throughout this article and in the conclusions. 
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becomes slightly higher if a comparison is made between the average 
total number of tics in children with adequate sleep and food and that 
in children with inadequate sleep and food. The ratios of 1.89 for 
sleep (table 4) and 1.59 for food represent a likelihood against these 
figures being the result of pure chance of 4:1, and 2.6: 1, respectively. 


Physical Status—The physical status of each child was correlated 
with the total number of motor habits. Again the children were divided 
into two groups, I and II. In those in group I the weight was normal 
or above; the skin had a healthy appearance; there were no physical 
defects, and the posture and muscle tone were good or fair. The chil- 
dren in group II were 10 per cent or more below weight, malnourished 
and definitely below par physically. The average number of total motor 
habits for group I was 97.6, as compared with 91.4 for group II. It is 
apparent that there is only a slight positive difference in the incidence 
of tics in children with good and poor physical status. 


TABLE 4.—Relation Between Sleep and Food and Average Total Number of 
Motor Atutomatisms 


Sleep Food 
Adequate Inadequate Adequate Inadequate 
Total Total Total Total 
Number Average Number Average Number’ Average Number Average 
27 92 14 100 37 93 4 103 
1.89 1.59 


Fatigue and Nervousness ——In a previous study of fatigue in chil- 
dren, mental tests, such as adding and dotting were given, and it was 
noticed that after a certain period, which was shorter in the younger 
children, motor restlessness resulted in grimaces, changing the pencil 
from one hand to the other, holding the pencil in the fist, sighing and 
changing the position of the trunk and legs. Furthermore, some chil- 
dren complained that they felt tired. This form of fatigue must not be 
confused with a later stage, in which, instead of hyperactivity, there is 
a decrement in motor activity. In the milder form of acute fatigue, 
especially that produced by mental activity, there is an increase in motor 
restlessness and in the common automatisms which under normal condi- 
tions do not exist. All have observed the effect of intense mental effort 
on the actions of certain people, such as frowning, compression of the 
lips, twitching and blinking of the eyes and, in some cases, bad and 
shaky handwriting. 

Olson, in his study, also found an association between fatigue and the 
number of movements. According to his data, collected on thirty-eight 
children, 52 per cent showed motor habits in the afternoon, as compared 
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with 34 per cent in the morning. Again, in another group of fifth 
grade children he found that the mean number of oral tics in the after- 
noon was 11, while in the forenoon it was only 9.5. 

In our investigation the diagnosis of fatigue and nervousness was 
made by means of questionnaires. Twenty-six children suffering from 
fatigue or nervousness or both had a total of 94.5 movements. In con- 
trast, the motor automatisms of fifteen children free from either of the 
disorders averaged 88.5. There is no uniformity in the difference among 
the different categories. Some give a higher average total number for 
the abnormal group, others for the normal. However, for four habits, 
namely, those relating to the mouth, the fingers, the face and the head, 
there seems to be a positive tendency in favor of the abnormal group 
(table 5). The likelihood that the differences of the probable errors 


TABLE 5.—Quantitative Statistical Comparison of the Motor Automatisms of Forty- 
One Children (Fifteen Normal and Twenty-Six Abnormal) 


Subjects and Kind of 


Automatism M SD PEM D PED D+PFPEDp 

Mouth 

21.80 10.0 1.74 

26.00 14.3 1.89 4.20 2.57 1.63 
Finger 

11.73 4.9 0.85 

13.62 7.2 0.95 1.89 27 1.49 
Face 

7.00 2.9 0.51 

ee 8.38 4.0 0.53 1.38 0.74 1.8€ 
Head 

8.87 5.3 0.92 

eee 14.00 y $i 0.95 5.13 1.32 3.89 
Total 

97.5 0.80 2.75 9.00 3.94 2.28 


are not errors of random sampling is: for habits relating to the mouth, 
fingers and face, from about 2 to 4: 1, and for the average total number, 
7:1. This is slightly significant. For habits relating to the head, how- 
ever, the chances are about 116: 1. 


RELATIONSHIP BETWEEN MOTOR AUTOMATISMS AND 
FUNCTIONAL SIGNS 


For many years the movements of the external muscles and the atti- 
tudes and postures of the body have been used as diagnostic indexes of 
the functional state of the central nervous system. Since behavior is 
to such a large extent manifested by external movements, and _ since 
these movements are subject to controlled observations, we attempted 
to confirm, if possible, the generally accepted clinical impressions. 
Forty-one children, in addition to being observed in the classroom for 
the various motor habits during five minute periods over a period of 
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twenty days, were also carefully observed for body mechanics, functional 
disorders of the face and eyes, inhibition and disorders of speech and of 
the circulatory system during their individual examination according to 
the outline. This outline was devised as the result of a search for the 
most common visible functional signs in a large number of children. 
Only abnormal signs were sought, and if they were noted the child was 
marked abnormal in those reactions. 


Outline of Functional Signs 

I. Body Mechanics 

. Poor posture, sitting or standing é 

. Shoulders uneven, one higher than the other 

. Head held by weak neck, somewhat flexed 

. Hands held in the position of slight wrist drop 

. If asked to hold hands with palms upward in front of the 
body, the subject holds them unsteadily, with slight or marked 
fine or coarse tremor of the fingers 

6. Feet unequally planted, one shifting in front of the other 

7. Leaning on something whenever possible 


— 


on 


8. Generally depressed relaxed posture 
II. Expression of the face 
1. Tired, pinched, sad, dull and apathetic 
2. Tension of mouth and lips 
3. Tics, grimaces, frowns and corrugations 
4. Twitchings of the muscles of the face 
III. Eyes 
1. Restless movements of the eyeballs 
2. Circles around the eyes 
3. Ptosis of the eyelids 
4. Puffiness of the subocular space 
5. Fluttering of the eyelids 
IV. Inhibition 
1. Restlessness 
2. Subject moves around and touches everything 
3. Does not sit or stand still 
4. Fidgets and shuffles feet 
5. Does not remain quiet when requested 
6. Noncooperation during examination 
V. Speech 
1. Stuttering 
2. Stammering 
3. Running together of words 
4. Talkative and loud 
VI. Circulatory System 
1. Palpitation 
2. Tachycardia 
3. Throbbing of the vessels of the neck 
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Body Mechanics.—Body mechanics or posture is an important index 
of the physiologic state. To what extent it can be used as a reliable 
means of diagnosis for the body as a whole is as yet a matter of dispute, 
but that it is an objective method is reasonably certain. No differenti- 
ation was made between the types of abnormal stature, nor was the 
silhouettograph used to classify the children. The diagnosis of normal 
or abnormal body mechanics was made only by inspection. The 
examiner decided whether the individual child as he sat, stood or walked 
during the routine examination had poor or good posture, according to 
the eight items shown in the outline (section I). This is a rough and 
unscientific method, but it was purposely used to determine whether there 


TABLE 6.—Relation Between Motor Automatisms and Functional Signs in Normal 
and Abnormal Children 


30dy Mechanics Face Eyes Inhibition Speech Circulation 

20.0 24.1 29.95 22.9 218 25.5 28 28 2.1 22.5 25.7 
16.3 17.1 18.1 15.7 16.9 16.8 14.7 18.4 16.5 18.5 15.9 19.2 
eer 15.5 12.8 14.4 7 14.7 11.1 14.1 13.2 14.7 9.3 15.3 9.7 
Motor restlessness...... 11.5 12.6 109 13.4 11.1 15.0 9.4 144 113 158 12.3 12.6 
7.6 8.1 8.5 7.6 7.8 8.5 8.6 7.6 7.38 8.7 8.8 
5.1 5.0 4.9 5.1 4.4 6.3 4.6 5.3 4.8 6.0 5.4 4.3 
6.0 4,2 0 4.5 4.2 4.3 4.9 4.3 5.8 4.3 5.8 
3.8 3.1 3.0 3.8 2.8 3.2 3.3 3.4 2.9 
ER re 1.5 2.8 2.7 23 2.5 2.4 6 2.4 9.5 2.4 2.9 1.3 
i ee ee 2.8 2.0 2.1 2.3 2.0 2.8 2.0 2.4 2.0 3.1 2.0 2.9 
2.4 1 1.2 4.9 1.5 1.8 1.6 1.6 1.6 1.5 1.7 1.2 
91.0 93.1 94.0 94.5 90.2 99.0 89. 95.3 91.8 96.9 92.6 94.3 
Number of cases........ 11 31 18 24 28 14 17 25 32 10 30 12 


is any significant relationship between the body mechanics as diagnosed 
by the physician in this way and other interrelated functions. In the 
first column of table 6 are listed the different motor habits, as obtained 
from the 20 daily observations for five minute periods. In the next two 
columns are the figures for the different tics for children with normal 
and abnormal body mechanics. The average total number of tics is 
91 for the former group and 93.1 for the latter. The most pronounced 
difference is for the tics relating to the mouth, the number for the nor- 
mal group being 20, against 24.1 for the abnormal. The chance that the 
differences of the probable errors are not due to random sampling is 
0.6, or less than 1:1 (table 7). 


Face.—There is a clinical belief that much can be learned about the 
functional state of a person from inspection of the face. The form and 
color and the tenseness of the muscles are supposed to reveal signs of 


disease. In this study it was found that in children in whom the expres- 
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sion of the face, as listed in section II of the outline, was considered 
abnormal the number of tics was no greater than in the normal group, 
with the exception of the tics of the ears and motor restlessness 
(table 6). There were four times as many movements of the fingers 
to the ears in those whose facial expression was diagnosed as abnormal 
as in the normal group. There was also a larger amount of motor rest- 
lessness in the abnormal group (table 6). 


TaBLE 7.—Kelation Between Motor Automatisms and Functional Signs in Normal 


Related Automatisms and Signs Number M D D + PEp 

Circulation—mouth 

12 25.7 + 2.0 4.0 + 2.6 1.5 
Face—motor restlessness 

Byes—motor restlessness 

28 11.1 + 0.9 

6. 14 15.0 + 2.2 3.9 + 2.4 1.6 
Inhibition—motor restlessness 

25 14.4 + 1.4 1.0 + 1.8 28 
Speech—motor restlessness 

10 13.8 + 2.9 4.5 + 3.0 1.5 
Body mechanics—total number 

31 93.1 + 2.4 2.1 + 3.3 0.6 
Face—total number 

21 94.5 + 2.5 0.5 + 3.8 0.1 
Eyes—total number 

ks 13 99.0 + 3.0 8.8 + 3.7 4 
Inhibition—total number 

| 17 §9.5 + 3.3 

25 95.3 + 2.0 + 3.9 1.8 
Speech—total number 

$6.9 + 3.4 + 4.1 1.2 
Circulation—total number 

7 92.6 + 2.3 

13 94.3 + 3.6 1.7 + 4.3 0.4 


The D/PEp between the expression of the face and the total number 
of movements, and that between the expression of the face and motor 
restlessness. are 0.1 and 1.3, respectively, neither of which represents 
even slight positive tendencies (table 7). 

Evyes.—The eyes move freely in their orbits and are readily observed. 
The muscles of the eyes are also easily susceptible of such irrelevant 
movements as blinking and fluttering of the eyelids. Our data do not 
show the expected difference in the number of tics of the eyes in favor 
of the abnormal group. There is a positive difference in favor of the 
abnormal group in the habits relating to the mouth and nose, in grimaces 
and in motor restlessness. There is also a positive difference in the 
total average number of movements. The D/PEp between functional 


and Abnormal Children, with Difference of Incidence 
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signs of the eyes and the average total number of movements and that 
between functional signs of the eyes and motor restlessness are 2.4 and 
1.6, respectively, 8.48: 1 and 2.57: 1, again only tendencies in the posi- 
tive direction (table 7). 

Inhibition—Examination for inhibition was made as the child sat 
and also while he was carrying out certain instructions. The child stood 
with the heels together, looking straight ahead, with the arms held to the 
side. The general steadiness of the body, trunk and limbs was noted, 
as well as the expression of the face and eyes. 

The child was then requested to hold out his hands, with the palms 
downward. Twitching of the fingers, general fidgetiness and irregular 
movements of the limbs, as well as swaying of the whole trunk, were 
observed. The score was based on all the items rather than on any one 
of the six listed (outline, section IV). The diagnosis of inhibition was 
also made by means of questionnaires. A comparison of the two 


TABLE 8.—Relation of Inhibition and Nervousness 


Nervousness 


Present Absent 
Inhibition Number Per Cent Number Per Cent 
16 72 6 28 
Adequate........ 5 35 9 65 
4.63 


methods revealed that the diagnoses agreed in 72 per cent of the cases. 
This is a fairly reliable confirmation of the value of the subjective 
method. The average total number of movements, particularly of those 
relating to the hair and motor restlessness, are more common among 
children with poor inhibition (table 6). The D/PEp between inhibition 
and motor restlessness and that between inhibition and the average total 
number of movements are 1.6 and 1.5, respectively, or, according to 
Pearl’s formula, 2.8: 1 and 2.21: 1 (table 7). 

S peech.—Defective speech is often considered a tic in the pathologic 
sense. Those who showed abnormal speech according to the four items 
in section V of the outline had a larger number of movements relating 
to the hair and nose, more grimaces and motor restlessness and a higher 
number of average total movements (table 6). The D/PEp between 
speech and motor restlessness and that between speech and the average 
total number of movements are 1.5 and 1.2, respectively, or, according 
to Pearl’s formula, 2.21: 1 and 1.39:1 (table 7). 

Circulatory Signs.—Children with observable circulatory signs had a 
higher number of tics relating to the mouth and the hair, slightly more 
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grimaces and an average higher total number of movements (table 6). 
The D/PEp between circulatory signs and habits relating to the mouth 
and that between circulatory signs and the average total number of 
movements are 1.5 and 0.4, respectively, or, according to Pearl’s formula, 
2.21: 1 and less than 1:1 (table 7). 

In summing up these data, it may be said that the average total 
number of motor automatisms is higher among children with abnormal 
functional signs. The most striking difference between the normal and 
abnormal groups is in the relationship between the average total number 
of motor habits and functional signs of the eyes (90.2 against 99), and 
the lowest is that between the totals and the expression of the face 
(94.0 and 94.5, [table 6]). This would indicate that the observational 
method of diagnosis of functional signs is not valid, contrary to the 
claims of Warner, Bell and others. 


THE NATURE OF TICS 

There is an abundance of theories to explain the nature and the 
pathogenesis of these phenomena; to mention a few: exuberance of 
energy, comparative inherent instability of the nervous system, imperfect 
development of the higher centers and defect of inhibition. Darwin, 
whose great work “Expression of the Emotions in Man and Animals” 
still ranks as the most important contribution in this field, tried to 
interpret these actions in terms of genetic and comparative physiology. 
He held that primitive man raised his eyebrows for better vision and 
opened his mouth wide for more intense listening. The frown was 
developed for better vision in search of prey or enemies. At seeing 
something unpleasant the eyes were closed and the head turned away. 
The opening of the mouth and the protrusion of the lips facilitated the 
search for food; and so on, to include many other functions. Many of 
these explanations seem untenable in the light of modern physiology and 
psychology, but the observations and associations still hold true. Subse- 
quent authorities considered these movements to be rudimentary 
impulses to carry out acts which in some remote age were of impor- 
tance for life. Others considered that an abundance and variety of 
such movements are desirable, and that a high degree of motor restless- 
ness, for example, is a sign of good health in children. However, since 
our chief interest at this time is in the clinical significance of these 
phenomena, we shall not elaborate on these theories, but rather attempt 
to formulate a scheme to be used for diagnosis on the basis of our own 
data and of the best theories on the subject. The following classification 
is proposed: (1) motor manifestations of psychophysiologic excitation 
in the normal person, (2) motor manifestations of acute or chronic 
fatigue, (3) conditioned reflexes and (4) motor manifestations of a 
psychopathologie state. 
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1. Motor Manifestations of Psychophysiologic Excitation—If one 
watches a child, aged 3 years, for a period of a few hours, one is 
amazed at the frequency and the diversity of the movements in which 
he indulges. It appears that even in normal children almost every 
external stimulus is answered by a motor response. A normal child of 
his own accord is incessantly active in a muscular way. If he is not 
restricted he runs, jumps, climbs, throws, shouts and touches things 
within reach. In perfectly normal children with no ascertainable 
personality disorders, who are socially well adjusted and whose men- 
tality is superior, increased effort, especially if mental, brings on 
muscular responses. If there is one peculiarity that differentiates the 
child from the adult it is that of motor activity. All are acquainted 
with the child who, in trying to sit still at command or in company, 
clenches his fists, holds his breath, sets his teeth, makes his muscles tense 
and, when no longer able to control himself, releases himself in a series 
of various movements usually referred to as tics. The older the child 
the longer he can refrain from motor activity. What occurs during the 
day in the life of a normal child occurs also during sleep. There is 
good evidence to believe that these manifestations, which are often 
ascribed to the presence of worms or other disorders, may be similar 
in origin to those just described. In a study of the movements of a 
large number of children by means of the polygraph it was found that 
all children, irrespective of age and other factors, change their positions 
many times during sleep, and that they indulge in a large amount of 
vocal, digital and bodily activity. The hands are kept in action; the 
limbs are extended and flexed; there is a great deal of rolling over, 
opening and shutting of the mouth and moving and fluttering of the 
eyelids. 

2. Motor Manifestations of Chronic Fatigue-——What evidence is 
there that these signs represent a state of fatigue? There is evidence 
that fatigue alters the physiochemical state of neuromuscular structures 
and delays relaxation, at least in isometric muscular contractions. Possi- 
bly also, as Binswanger implied, fatigue diminishes voluntary inhibition, 
leading to excessive reactions. Furthermore, if one holds the opinion 
that fatigue begins at the end of the upstroke of the contraction, then 
one can readily explain the increased activity during the early stages 
of fatigue. Likewise, clinically, it is well known that (chronically) 
fatigued persons manifest symptoms of undue irritability, as well as 
subjective hypersensitiveness to stimulation. It appears plausible that 
this is a summation effect, due to fatigue. 

We were also able to produce an increase in general restlessness and 
blinking in rats through the physiologic stimuli of hunger and enforced 
activity. The contrast in restlessness of the control and of the mal- 
nourished rats is shown in table 9. In the control group only rat 3 
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showed slight restlessness. Rat 8, in this group, showed a peculiar 
twirling movement on the eleventh day, which disappeared on the twenty- 
fifth day. (This movement, peculiar to rats, is supposed to be due to an 
infection involving the labyrinth.) In the group of malnourished ani- 


TABLE 9.—Effect of Malnutrition on Restlessness in Rats * 


Malnutrition 
Control Rats ~ 

Rat During 68 Days Before During After 

+ (lack of food) ++ 

os 

ed Twirled (11th-25th day) 

+ (after exercise) + 


* In this and the following tables + indicates mild restlessness; ++, more restlessness, and 
+++, extreme restlessness. 


TABLE 10.—Comparison of Blinking in Rats * 


November December 


October 
6 13 16 17 18 19 20 21 22 24 26 29 3 41213 16 24 26272930 1 2 3 5 


eee 2 
2 


* The period of exercise was from October 26 to November 21, the period of malnutritiion, 
from October 24 to November 5-10. 


mals, all but rat 6 showed a marked degree of restlessness. Blinking 
of the eyelids was more pronounced in the malnourished rats than in 
the controls. The number of blinks for fifteen seconds are recorded 
in table 10. Rat 2 was the only one in the normal series that blinked 


consistently day after day. Of the malnourished rats, on the other 


i 
Rat 
f 
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hand, 7 blinked more or less throughout the entire experiment. Further- 
more, blinking and restlessness began to disappear shortly after an 
adequate diet was administered. 

Apparently, forced exercise also had a definite effect on the behavior 
of the rats. While in the beginning of the experiment the rats showed 
no fear when handled, toward the end the attendant found it necessary 


TABLE 11.—Effect of Exercise on Restlessness in Rats 


Exercised Rats 
AW 


= = 
Control Rats Before During After 
Rat During 68 Days Exercise Exercise Exercise 
Lack of food ++ 
ee + ee 


TaBLe 12.—Comparison of Blinking in Control Rats and Exercised Rats 


Number of Days 


Exercise Period After Exercise 


Rat Exercise 2 5 10 11 19 20 23 31 33 34 36 37 ; 2 4 6 3 2B 
4 
Control 4+ 8 
7 
8 
9 
L10 3 
3 a i os 3 1 4 5 2 2 3 
Exercised 4 8 ee 
i © 1 2 1 5 2 3 1 B&B 
L 10 1 1 


to wear gloves as a protection against biting. The rats also exhibited 
a greater sensitiveness to noise, clapping of the hands startling them 
considerably. The control rats showed practically no restlessness. In 
the exercised rats, on thé other hand, there was a marked increase. The 
restlessness of the rats was best observed during weighing. Before 
experimentation they sat quietly in the cage; when forced to exercise 
they became restless and tried to open the cage. The study of restless- 
ness is tabulated in table 11. 
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The restlessness of the exercised rats expressed itself also in blink- 
ing. Normal rats blink little, if at all. Table 12 shows the difference 
in blinking between the control and the exercised rats. (Control rat 2 
suffered from an inflammation of the eye, which accounts for the high 
number of blinks.) Blinking became more frequent the longer the 
exercise was continued and decreased when the compulsory activity was 
discontinued. 

3. Conditioned Reflexes—While subjecting dogs to various forms 
of stimulation, Pavlov noticed that under certain circumstances some 
dogs reacted in unusual and unexpected ways, phenomena which he was 
at first unable to explain. In some dogs the conditioning would produce 
severe and prolonged disturbances; in others the same influence would 
create only mild and transient effects, and in still others no effect at 
all. On the basis of the reactions of these dogs to stimulation and 
conditioning he tried to classify the nervous systems. The first type 
was what might be called hyperkinetic; the animals are restless, con- 
tinuously on the go, alert and keen and quick to react to the faintest 
stimuli. When placed in the stand and limited in movements, they 
become drowsy quickly and are easily inhibited, their conditioned reflexes 
diminishing or even disappearing. However, if many stimuli are used 
and many conditioned reflexes are developed at the same time, these 
dogs become satisfactory subjects for the experiments. In other words, 
if they are exposed to quick changes of varied stimuli, they are energetic, 
but with the slightest monotony in stimulation they become dull, drowsy 
and inactive. The second type represents the other extreme. These ani- 
mals are extremely shy and restrained. At the slightest movement or 
noise they show great fear. They become used to the experimental 
environment slowly. If the experimental conditions remain the same, 
the conditioned reflexes are extremely stable and regular. The first 
type has been called the excitatory, and the second the inhibitory. It 
is impossible to describe all the functional disturbances that were pro- 
duced experimentally or observed accidentally by Pavlov and _ his 
co-workers. However, two examples are of special interest. In one 
dog a conditioned alimentary reflex developed to electrical stimulation 
of the skin. Ordinarily, if an electrical stimulus is applied to the skin 
of a dog the animal responds by drawing away, but if weak currents 
are started while he is being fed the defense reaction can soon be over- 
come, and this stimulus can be used as a substitute for the natural food 
reflex. In this way the conditioned alimentary reflex was established 
and remained stable for many months. The animal remained normal 
for a long period, but after a certain time the conditioned stimulus began 
to have negative results. The secretion of saliva became more and more 
delayed. The attempt was made to apply the electrical stimulus to other 
places than the one for which the reflex had been originally developed. 
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Soon everything changed abruptly. Instead of showing any salivary 
secretion, representing a positive response, the animal reacted by 
violently abnormal behavior, its extreme excitement reaching the point 
of mania. This happened to 2 other dogs under similar circumstances. 
In none of these 3 animals could anything be done to restore at once 
the alimentary reflex to the electrical stimulus. In 1 dog it was neces- 
sary to stop the experiment for three months before the original ali- 
mentary conditioned reflex returned. In all the dogs the experiment 
resulted in a chronic functional disturbance of the nervous system 
analogous to what might be called acute hyperkinesis in children (purely 
the result of physiologic overstimulation). Pavlov believed that such 
a disturbance is due to a clashing of excitation with inhibition, which 
results in a disturbance of the balance of these two phenomena. 

Another observation as to the pathogenesis of this condition was 
made as a result of an incident that happened in 1924. During the big 
flood in Leningrad, Pavlov observed that the dogs showed prolonged 
nervous disturbances. The animals had to be transferred during the 
storm from their usual quarters by making them swim from their 
kennels into the laboratory. All the animals remained quiet and huddled 
up. When the experiments were resumed some of the dogs continued 
their usual responses; others, on the other hand, had become so inhibited 
that nothing could be done with them. The “neurosis or psychosis” 
produced in dogs by extraordinary stimuli, according to Pavlov, is com- 
parable with the ‘‘acute nervous hypertension” in man as the result of 
strong stimuli, such as grief and excitement. 

Can the concept of conditioned reflexes explain the pathogenesis of 
common functional disorders in children, such as tics? Mateer, Burn- 
ham, Watson and others linked such disorders with unfavorable condi- 
tioned reflexes. They explained neurosis in the same way as they did 
fatigue; they believed that the same causes are responsible for tics as 
for insomnia. <A large number of children, if subjected to a physical 
irritant, continue to indulge in tics long after the irritant has been elimi- 
nated. For instance, a cinder gets in a child’s eve and is removed; the 
natural reaction to such a stimulus is blinking. After several days fre- 
quent blinking persists, though the causative stimulus has been removed. 
This may occur especially in children with an unstable nervous system, 
but it may also occur in normal children. If a drug which reduces 
the pain in the evelid is given early, the stimulus will be eliminated, and 
the formation of the unfavorable reflex, namely, the tic, will be pre- 
vented. The explanation of such disorders on the grounds of a con- 
ditioned reflex seems logical. 

4. Motor Manifestations of a Psychopathologic State-——The belief 
that a tic reflects an abnormal mental or emotional state was advanced 
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by Charcot, Broussard, Meige and Feindel and Trousseau as early as 
thirty-five years ago. They claimed that: ‘Once a ticqueur always a 
ticqueur’; that tics are first voluntary and later become involuntary, 
and that cure depends on psychotherapeutic measures. More modern 
psychiatrists have suggested that many of these phenomena can be traced 
to some emotional and disturbing experience in the highly impressionable 
age of childhood. If the life history is followed in detail it will be 
found that the undesirable movement is only a recurrent bad habit, 
lingering on from childhood. Janet pointed out that persons who suffer 
from obsessions, phobias and other mild motor agitations differ from 
normal persons in other ways. The domination by these disturbing 
features indicates a defective condition of what is commonly called will. 
More strictly speaking, there is marked limitation in the range of willed 
acts. Janet also pointed out an absence of decisiveness in these patients. 
For him vividness and precision, or completeness of response to present 
situations was a matter of progressive achievement. The infant does 
not adjust perfectly and completely to situations, nor does the child, but 
the normal person acquires a capacity for such adjustment. Confronted 
by a situation that would normally call for the highest tension, the 
abnormal person may respond so inadequately as to manifest motor 
incoordination of a ticlike nature. Janet believed this condition to be 
fundamentally a change in what he called “psychologic tension.’’ White 
likened this tension to the flow of water through a pipe under high or 
low pressure, and whether or not this comparison is based on physiologic 
facts, it is a happy analogy. The condition of reduced psychologic 
tension may cause the person who has been normal to fall prey to 
obsessions, phobias and motor agitations. White stated that when a 
person with psychasthenia is confronted by a situation which contains 
even slightly difficult features, if it is beyond his capacity, he will react 
in a childish manner and manifest the exaggerated activation of older 
motor functions. Hence the tics and the more extensive motor agi- 
tations, which this author called “‘psychasthenic convulsions.” 

The psychoanalytic school of Freud argued that psychasthenic 
behavior is the consequence of imperfect repression of some disagreeable 
wish, in which the energy of the emotions is expressed in the form of 
organic disturbances, such as abnormal motor movements. In order to 
compare normal and abnormal children, an analysis was made of twenty 
records of children admitted to the Minneapolis Child Guidance Clinic, 
selected because of their extreme hyperactivity, restlessness and hyper- 
excitability. These children showed extreme erethisism and presented 
severe behavior problems. One child indulged in coprolalia (obscene 
language) ; another had twitching of the muscles of the face and a coarse 
tremor of the hands, which may have been the result of an organic dis- 
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ease. In the remaining eighteen cases we found no greater number of 
localized tics or more severe visceral tics than in our control group 
referred to in table 1. 


SUMMARY AND CONCLUSIONS 

Olson’s method of direct observation and quantitative measurements 
of motor automatisms was used, with slight modifications, in the study 
of fifty-seven children. The data thus gathered were related with other 
associated factors, such as sleep, food, general health, physical status 
and functional signs. Statistical analysis of the material led to the 
following conclusions : 

1. The highest number of movements observed were those of touch- 
ing the mouth (1,311); the lowest were movements of the hand to the 
ear (70). 

2. For girls the incidence was higher with respect to the mouth 
movements relating to the hair and to biting of the fingernails. 

3. For boys the incidence was higher with regard to blinking, motor 
restlessness, yawning, grimace and movements relating to the fingers, 
nose and ears. 

4. The number of grimaces and of tics relating to the mouth, hair 
and feet was higher in the afternoon, while motor restlessness, blinking, 
yawning and movements relating to the fingers, nose and ears occurred 
more frequently in the morning. 

5. The average number of movements for children aged 12 was 
3.88 for boys and 4.6 for girls, and for children aged 15 and 16 the 
number was 5.05 per school session. 

6. Tics were neither specific nor constant, the score varying from 
1 to 18. 

7. Significant relationships (determined by the use of Pearl’s 
formula) were found to obtain between tics relating to the head, on 
the one hand, and fatigue and nervousness, on the other (116:1). 

8. Positive but insignificant tendencies were evident in: (a) the 
average total number of tics and inadequate sleep (4:1); (0b) the 
average total number of tics and inadequate food (2.6:1); (c) ties 
relating to the mouth, fingers and face and fatigue and nervousness 
(from 2 to 4:1); (d) tics relating to the head and fatigue and nervous- 
ness (7:1); (e) the average total number of tics and functional signs 
of the eyes (8.48:1); (f) motor restlessness and functional signs of 
the eyes (2.57:1); (g) motor restlessness and inhibition (2.57:1); 
(h) the average total number of tics and inhibition (2.57: 1) ; (7) motor 
restlessness and speech (2.2: 1); (7) the average total number of tics 
and tics relating to speech (1.39: 1); (k) tics relating to the mouth and 
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circulatory signs (2.21: 1), and (/) the average total number of tics and 
circulatory signs (less than 1:1). 

9. All motor automatisms are not signs of chronic pathologic 
psychology. 

10. Tics may be classified on the basis of the following four groups: 
(a) motor manifestations of physiopsychologic excitation in the normal 
person; (b) motor manifestations of acute or chronic fatigue; (c) con- 
ditioned reflexes resulting from physical or psychologic irritants, and 
(d) manifestations of a psychopathologic state, provided they are defi- 
nitely accompanied by other signs and symptoms of such a state. 
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CEREBRAL COMPLICATIONS OF PUTRID PLEURO- 
PULMONARY SUPPURATION 


IRA COHEN, M.D. 


NEW YORK 


The occurrence of abscess of the brain as a complication of pleuro- 
pulmonary suppuration has long been recognized, though it is relatively 
infrequent. When the generally accepted mechanism for the formation 
of the abscess is considered, it is astonishing that it is not seen more 
often. The infiltrated and indurated pulmonary tissue, which fixes and 
holds open the veins running through it, invites the entrance of particu- 
late matter to be carried to the left side of the heart and out into the 
general circulation. The blood-streaked sputum or the frank hemoptysis 
seen in suppurative bronchiectasis and abscess of the lung points to the 
intimate association of the blood vessels and the suppurative focus. The 
expulsive efforts of coughing or the suction action of inspiration can 
force or draw air or particulate matter into a vein thus held open. 
Whether these emboli more frequently traverse the carotid system and 
lodge in the brain, or whether this is only apparently so because they 
may be asymptomatic in other locations, is not certain. The more direct 
origin of the carotid arteries from the aortic arch has been offered as a 
possible explanation of the frequency of cerebral complications. Even 
were one to assume the more direct path into the carotid system as an 
explanation it would not account for the relative frequency of cerebral 
abscess in pulmonary suppuration as contrasted with its rarity in cases 
of sepsis at a time when a blood culture shows many colonies per cubic 
centimeter. Recently McCordock* suggested the possible relationship 
of a spirochete to abscess of the brain in pulmonary suppuration. In 
some of my cases reported here the same organisms were recovered 
from the brain as from the abscess of the lung, and at times as many as 
three distinct organisms were identified. 

This report is based on-nineteen cases of pleuropulmonary suppura- 
tion complicated by cerebral manifestations. The term putrid may 
properly be applied to eighteen. The pus, whether from the lung or 
from the pleural cavity secondary to the focus in the lung, was foul and 
stinking, owing to the presence of anaerobic organisms. The exception 


Read before the New York Neurological Society, Feb. 6, 1934. 

From the surgical service of Dr. Harold Neuhof, Mount Sinai Hospital. 

1. McCordock, quoted by Ballon, H.; Singer, J. J., and Graham, F. A.: J. 
Thoracic Surg. 1:550 (June) 1932. 
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was a pleural infection secondary to a focus in the liver. Cases in 
which other possible causes of cerebral symptoms existed have been 
excluded. The complications may be grouped under three headings: (1) 
abscess of the brain or septic embolus; (2) aseptic embolus, and (3) 
psychosis. Distinct and clearcut as any typical example of a given 
group may be, there are borderline cases which actually seem to connect 


TABLE 1.—Observations in Group with Abscess of the Brain 


Duration, Time and 
Character and Character 
Age Site of Pulmonary of Initial Course of 
and Pulmonary Operative Cerebral Cerebral 
Sex Lesion Procedures Symptoms Disease Comment 
42 Two months; Drainage of ab- Four days Meningeal signs; Abscess unverified 
M abscess in scess; drainage after third pleocytosis; by operation or 
upper lobe of of mediastinal operation; death in 4 days autopsy 
right lung empyema; drain- psychosis 
age of supradia- 
phragmatic pul- 
monary abscess 
and empyema 
38 Six months; Drainage of ab- Ten days; Left hemipare- Unverified 
F abscess in scess; many headache sis; left hemi- 
upper lobe of aspirations anopia; death 
right lung in 9 days ‘ 
18 Four months; Drainage of Eight weeks; Right hemipare- Autopsy revealed 
M putridempyema empyema convulsions sis; death in 17 left fronto- 
days; no opera- parietal abscess 
tion 
14 Four years; Drainage of One month Craniotomy; First craniotomy 
F ruptured empyema: drain- after second drainage of left yielded only soft 
abscess of age of abscess operation; parietal abscess; brain tissue 
the lung convulsions death in 10 days 
31 Three years; Drainage of main Fourteen Hemianopia; 
F abscess in abscess days; head- stupor; drainage 
upper lobe ache of abscess in 
of left lung; right temporal 
multiple small lobe; death in 
abscesses 9 days 
11 Three years; No operation Headache; Drainage of ab- 
F abscess in 5 weeks: seess in right 
lower lobe of jacksonian temporal lobe; 
left lung convulsions death in 11 days 
22 Seventeen Drainage of em Three days Hemianopia; 
F months; encap- pyemas; drainage after last drainage of ab- 


one group to another. 


Sulated em 
pyema; multiple 
abscesses in 


right lung 


of cases. 


of abscesses; 
exploratory 
aspirations 


ABSCESS 


procedure; 
headache 


OF THE 


scess in right 
occipital lobe 
3 weeks later; 
death in 17 days 


BRAIN 


This will, I believe, be made clear by the reports 


There were five cases in which metastatic abscess of the brain was 


proved at operation or by postmortem examination, and two instances 
in which this seemed the most probable diagnosis, though proof is lack- 
ing (table 1). In one of the latter there were left hemiparesis and left 
homonymous hemianopia; the patient died nine days after the onset of 
the cerebral complication. The other patient, whose history will be given 
more fully, died forty-eight hours after the onset, without localizing 
signs, but with the picture of meningeal irritation. The spinal fluid 
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showed 2,600 cells, of which 90 per cent were mononuclear leukocytes. 
No organisms were revealed on spread or culture. Detailed study of 
the pulmonary history in the cases of cerebral abscess discloses no factor 
common to all which would throw light on the reason for the develop- 
ment of an abscess of the brain. In the proved cases of abscess of the 
brain the history of the pulmonary suppuration varied from four months 
to four years. In some instances multiple operations and in some 
repeated aspirations of the lung had been carried out. There was, how- 
ever, one instance in which simple intercostal incision for a putrid 
empyema was the procedure, and in another, a child, aged 11 years, was 
admitted to the hospital for the care of an abscess of the brain, the 
condition in the lung not having been operated on. 

In spite of writings to the contrary, the general belief is still held 
that metastatic abscesses of the brain are multiple. Schorstein * com- 
piled autopsy records in fifty-one cases of abscess of the brain secondary 
to pleuropulmonary disease and found that a solitary abscess was 
present in thirty-two instances; multiple abscesses existed in only nine- 
teen cases. There were multiple abscesses in seven of Parker’s fourteen 
cases. He quoted Eagleton who, in a review of the literature for the 
past twenty-five years, showed that 45 per cent are solitary. Even were 
complete autopsy studies available the seven cases presented here would 
be too few from which to draw conclusions. In two cases the abscesses 
were proved at autopsy to be single. With an even chance of finding 
a single abscess operation should not be withheld because of an assump- 
tion of multiplicity. 

The mortality in our cases was 100 per cent. Several factors con- 
tributed to this result. In only one case did sufficient time elapse to 
allow for encapsulation, if this occurs. This was in the case of a child 
who had not had an operation on the lungs and whose history pointed 
to the presence of an abscess of the brain of at least five weeks’ duration. 
In the other three cases the condition of the patient forced operation 
at an early date. In fact, in the following case it is possible that crani- 
otomy preceded the actual formation of pus. 


Case 1.—F. O., a girl, aged 14 years, suffered with cough and expectoration for 
four years. No etiologic factor was found. The material raised was foul at 
times, and measured as much as 200 cc. a day. Two weeks prior to admission 
to the hospital she “caught a cold.” This caused an increase in the cough and 
sputum, and for the first time the sputum was bloody. On the day after admission 
she had a sudden pain in the right side of the chest and became dyspneic. There 
were signs of fluid and air in the right pleural cavity. The temperature ranged 
around 104 F. A diagnosis of ruptured abscess of the lung was made. As a 
temporary measure the pleural cavity was drained through an intercostal incision. 
A month later, through a wider thoracotomy, the abscess was drained, following 
which the clinical course improved. 


2. Schorstein, G. I.: Lancet 2:843, 1909. 
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At the end of another month the patient had a right-sided convulsion followed 
by loss of consciousness. The next day she was stuporous and showed signs of 
involvement of the right pyramidal tract. The condition of the patient demanded 
an exploratory craniotomy. The brain was aspirated through a trephine opening 
on the left side; no pus, but softened brain tissue was obtained. This, when cul- 
tured, grew anaerobically a nonhemolytic streptococcus, one of the organisms 
obtained from the pus in the pleura. The patient survived for twelve days. On 
the day of death reaspiration through the same trephine opening yielded pus at a 
depth of 5 cm. No postmortem examination was allowed. 


It was not expected that an encapsulated abscess would be found 
at the time of the craniotomy. Her condition was such, however, that 
exploration seemed imperative. The recent report by Grant * indicates 
clearly the influence of the time of operation on the mortality. A second 
factor in the mortality is the depth of the abscess. Suppurative foci in 
the brain which are not metastatic are most often secondary to para- 
nasal sinus or aural infection; they are, in the majority of instances, in 
more or less intimate relation to the initiating disease. Therefore, at 
some point they approach the cortex, at which location a reaction is 
found which tends to seal off the subarachnoid space. The influence 
and importance of this factor in the prevention of a spreading meningitis 
when drainage can be instituted through the protected area needs no 
argument. Metastatic abscesses may, however, have their beginnings at 
a considerable depth, and need not approach the surface. There is a 
real potential danger of meningitis following drainage of such abscesses. 
Their depth and tendency to spread may cause meningitis through the 
ventricle. A third possible cause of high mortality may be the infecting 
organism in the putrid pulmonary focus. There is most often an infec- 
tion caused by, or at least marked by the presence of, anaerobic bacteria. 
Theoretically, at least, the simple small tube drain which can be 
employed successfully in a staphylococcic or streptococcic abscess does 
not allow oxygenation of the cavity. One of the striking features of a 
properly drained abscess of the lung is the prompt disappearance of the 
foul odor. This odor usually is gone at the second dressing. In a 
metastatic abscess of the brain with similar organisms the characteristic 
odor has, in my experience, remained until the patient’s death. 

It is not my purpose in this article to enter into the treatment of 
abscess of the brain, but a theoretical procedure can be outlined. Just 
as a two stage operation is carried out in an abscess of the lung when 
adhesions between the visceral and parietal pleurae are not encountered, 
a two stage procedure should be employed when a free subarachnoid 
space is met. To promote adequate aeration, instead of drainage by a 
small tube, a relatively large opening of the abscess and free drainage 
are advocated. 


3. Grant, F. C.: The Mortality from Abscess of the Brain, J. A. M. A. 90: 
550 (Aug. 13) 1932. 


i 

a 


178 ARCHIVES OF NEUROLOGY AND PSYCHIATRY 


Included under the heading of abscess of the brain are two cases in 
which the lesion was not verified by operation or postmortem examina- 
tion. The diagnosis was based on the clinical findings. One of the 
histories serves as an excellent connecting link between the first group 
and the other two to be considered. 


Case 2.—H. K., a man, aged 42, entered the hospital with a history of a cough 
productive of bloody purulent expectoration for four months following an abrupt 
onset of fever, chills, pain in the right axilla and hemoptysis. There had been 
repeated severe hemoptyses. No tubercle bacilli were found in the sputum. The 
physical signs and laboratory investigations led to a diagnosis of abscess of the 
upper lobe of the right lung. A transfusion was necessary before a surgical pro- 
cedure could be carried out. The abscess was opened, and in the cavity the 
operator visualized the bleeding vessel. A second transfusion was given on the 
following day. Ten days later it was necessary to drain a mediastinal empyema, 
and four days after this a supradiaphragmatic abscess in the lung and empyema 
were drained. Four days later the patient seemed mentally clouded. On the fol- 
lowing day he was psychotic. On the next day there were signs of meningeal 
irritation, and the patient was in a coma. There were no localizing signs. Fluid 
obtained by lumbar puncture contained 2,650 cells, of which 90 per cent were 
lymphocytes. There were no organisms seen in the smears and cultures for both 
aerobic and anaerobic bacteria remained sterile. On the following day the patient 
died. Permission for postmortem examination did not include examination of the 
brain. 


Although the course was rapid for an abscess of the brain, in view 
of the severe meningeal reaction this diagnosis rather than that of 
aseptic embolus is made. Recent studies by Cone and Barrera * showed 
experimentally in dogs that aseptic cerebral embolism is associated with 
reactions of polymorphonuclears which may reach the spinal fluid by 
way of the subarachnoid space or the ventricles. But in neither the 
experimental animals nor the clinical cases was the number of cells as 
great as in case 2. Because of the difficulty in making the distinction 
between septic and aseptic embolism in this instance it serves as a con- 
necting link between the two groups. It is of interest also to note the 
onset of cerebral manifestations with a psychosis which connects the 
group under discussion with the third group to be presented. 


ASEPTIC EMBOLI 


When in a case of pleuropulmonary suppuration cerebral symptoms 
develop and when operation or postmortem examination reveals an 
abscess of the brain, it is a fair assumption that an infected embolus 
lodged in the brain. When, on the other hand, a patient with similar 
manifestations recovers, is one to believe that a noninfected embolus 


4. Cone, W., and Barrera, S. E.: The Brain and the Cerebrospinal Fluid in 
Acute Aseptic Cerebral Embolism, Arch. Neurol. & Psychiat. 25:523 (March) 
1931. 
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occurred, or to assume that the brain tissue in some manner destroyed 
the organisms without an abscess ensuing? There is, of course, the 
possibility of a healed or quiescent abscess remaining in a silent area. 
In the cases in which, following signs of a cerebral embolus, death 
occurred within twenty-four hours, one cannot, in the absence of a 
postmortem examination, state whether the embolus was aseptic or not, 
nor is a distinction between the embolus of particulate material and that 
of air possible (unless one is fortunate enough to see the fundi within 
a few minutes of the accident). Even postmortem examination may 
not help, for, as Spielmeyer * pointed out, a survival of at least fifteen 
hours is needed before the earliest possible changes in the brain can be 
demonstrated by the present methods of study. In spite of these valid 
objections to the use of the term, I have grouped ten cases under the 
heading of aseptic emboli (table 2). By doing so I am able to consider 
under one heading cases of cerebral embolism which have not progressed 
to the formation of an abscess. I have been spared the embarrassment 
of attempting to distinguish an air embolus from an embolus of particu- 
late matter. 

The dramatic picture of the sudden onset of convulsions or of 
stupor and cyanosis in a patient during an exploratory aspiration of a 
lung is all too well known to the thoracic surgeon. As these operations 
are often carried out under local anesthesia, the contrast to the alert 
cooperative patient of a minute before is striking. Less frequent, but 
occurring in a number of cases, is the onset of a similar picture while 
dressing a wound. When the embolus lodges in the brain during a sur- 
gical procedure, operation or dressing, the exact time of its occurrence 
can be fixed. This was the case in five of my ten patients. In the other 
five the cerebral signs developed insidiously. In this respect they 
resemble closely the patients in the group having cerebral abscess 
in whom the exact time of invasion can rarely be fixed. One 
patient first showed cerebral signs almost three weeks after opera- 
tion, one eleven days after, one a week after, and two on the 
following day. One of the latter was of great interest in that 
cerebral complications developed twice. The first time they came on 
immediately after a partial excision of the lung by cautery, and were 
manifested by unconsciousness for three hours. She was discharged 
from the hospital. After readmission and on the day following a fur- 
ther excision by cautery she had convulsions, loss of vision and died 
after fourteen days. In the absence of a postmortem examination 
abscess or abscesses of the brain cannot be ruled out, but the clinical 
picture was not that of cerebral suppuration. Of the patients whose 
symptoms came on during the operative procedure, three died within 


5. Spielmeyer, W.: Verhandl. Kong. f. inn. Med. 30:359, 1913. 
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twenty-four hours and two recovered. Among those who had cerebral 
signs at other times, three recovered and two died, one after five days 
and one (already mentioned) after fourteen days. 


TABLE 2.—Observations in Group with Aseptic Emboli 


Age Duration and Pulmonary Onset of 
and Character of Operative Embolie Symptoms 
Sex Pulmonary Lesion Procedures and Course Comment 
ry 19 Six years; chronic Multiple resections At time of dressing, Complete recovery 
F empyema sinus of ribs; decortica- cyanosis and dyspnea; 
tion convulsions one hour 
later 
43 Nine months; bron Pneumotomy; local On operating table: Autopsy; normal 
M chiectasis of upper anesthesia stupor, convulsions; brain 
and middle lobes death in 24 hours 
of right lung 
44 Nine months; multi- Thoracotomy; local During aspiration of Autopsy; normal 
M locular abscesses in anesthesia lung; death in brain 
upper and lower 5 minutes 
lobes of left lung 
21 Two years; abscess (a) Excision by (a) Loss of conscious- (a) Recovered 
F in lower lobe of cautery, local anes- ness and deviation 3 hours later 
right lung thesia of eyes at conclu- 
sion of operation 
(b) Further excision (b) Following day, (b) No postmortem 
by cautery 8Smonths convulsions, amauro- examination 
later sis and aphasia; of brain 
death in 14 days 
37 Six months; abscess Aspiration through Loss of conscious- No portmortem 
M in upper lobe of unopened chest; local ness; convulsions; examination 
right lung anesthesia death in a few hours of brain 
15 Multiple acute ab- Aspiration during Change in condition; All signs cleared up 
M scesses in upper thoracotomy; gen- deep coma; aphasia, in a month 
and lower lobes eral anesthesia hemiparesis and 
of right lung hemianopia 
/ 2 Three months; Thoracotomy and Gradual onset of Recovery with 
M draining empyema drainage hemiparesis on eleventh residual slight 
sinus secondary to postoperative day; hemiparesis on 
abscess in liver drowsiness, right 
papilledema 
29 Few weeks; abscess Thoracotomy and Day following opera- Recovery 
F in the upper lobe of drainage; pyo- tion; hemiparesis; 
right lung; rupture pneumothorax no acute episode 
under observation 
45 Five months; ab- Thoracotomy and Eighteen days after Recovery 


M 


scess in lower lobe 
of right lung; pyo- 
pneumothorax 


Three weeks; ab- 
scess in middle 
and lower lobes of 
right lung 


All the histories 


empyema secondary 


drainage of 
empyema; revision 


Two stage drain- 
age of abscess 


second procedure; 


sudden aphasia, slight 


weakness of right 
side of face and 
elevation of disks 


Seventh postoperative 


day; psychosis; 


twelfth postoperative 


day; convulsions 
and death 


No postmortem 
examination 
of brain 


to pulmonary disease, with one exception. 


are of patients with suppuration of the lung or 
This 


patient was readmitted to the hospital because of a draining sinus of the 


chest. The sinus remained following intercostal drainage of an empyema 


secondary to an abscess of the liver. Better drainage by costal resection 


was instituted. 


Seven days later the patient appeared drowsy. 


Ina 


few days right facial weakness and hemiparesis on the right were noted. 
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For the next week drowsiness persisted, the motor weakness increased 
and there appeared slight swelling of the disks. Improvement soon set 
in and continued. The patient was discharged with a residual weakness 
of the right side. Seven years later this weakness remained. The fact 
that the veins of the visceral pleura are tributaries of the pulmonary 
explains the mechanism of the embolism, without pulmonary involve- 
ment. 

Case 3 is reported in somewhat greater detail because, just as case 2 
served as a transition between the septic and aseptic embolic groups, so 
this connects the latter group with the group of psychoses. 


Case 3.—J. U., a man, aged 42, was admitted to the hospital because of pain 
in the chest, cough and foul sputum. The illness had begun three weeks prior 
to admission. Examinations pointed to an abscess in the lower lobe of the right 
lung. Because a free pleura was found at operation, the opening of the abscess 
was postponed to a second stage, the two pleurae being sutured and packed. On 
the seventh postoperative day, the patient became psychotic. He had hallucinations 
and delusions, and talked incoherently. He pulled off the dressings. On the fol- 
lowing day the abscess was drained. In spite of the precaution of a two stage 
operation, and probably because of the patient’s removal of the dressings, an 
empyema developed which was drained on the eleventh day after the first opera- 
tion. The psychosis persisted until the patient’s death. This occurred suddenly 
three minutes after the onset of a generalized convulsion on the day following the 
drainage of the empyema. There was no postmortem examination of the brain; 
nevertheless the diagnosis of an organic cerebral complication is justified. 


PSYCHOSIS 

Any prolonged serious illness may give rise to a psychosis ; similarly, 
fever for a shorter period may entail mental symptoms. The precipi- 
tating factor is clear and the classification of the type of psychosis is 
based thereon. At the same time it is recognized that a psychosis 
depends on the individual make-up as to how exhausting the illness and 
how high and prolonged the fever will be. However, one is impressed 
by the appearance of mental changes in a patient who has not had pro- 
longed or high fever or who has not been critically ill. Such a picture 
is seen in suppuration of the lung proportionately more frequently than 
is to be expected. Of the cases seen, only two are included here (table 
3). Many have been discarded on the grounds that other factors in the 
illness may have been the real cause. While it is true that an unstable 
mental make-up in the two cases included cannot be ruled out, they fill 
the requirements from other standpoints. Neither one showed a pro- 
longed acute course, marked by excessive loss of blood or high fever. 


Case 4.—I. S., a man, aged 52, was acutely ill when admitted with a putrid 
empyema. The entire history dated back eleven months, with cough and hemopty- 
sis, but the patient had been ambulant up to three weeks before coming to the 


4 


i 
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hospital. From that time on there was increasing dyspnea, and for three days 
foul sputum. A putrid empyema was drained on the day of admission to the 
hospital, and he seemed to improve for ten days. During this time the temperature 
ranged between 100 and 101 F., except in the first few days when it touched 
102 F. On the eleventh postoperative day, coincidental with a sharp rise in tem- 
perature to 104 F., he became disoriented, and although the temperature fell after 
forty-eight hours he remained psychotic. He talked in a rambling manner, 
attempted to get out of bed, was noisy, and struck his nurse. This mental state 
continued to the time of his transfer to a psychopathic hospital, seven days after 
the onset. A year later, when he was seen, he seemed mentally normal; his pul- 
monary condition was not well. 


Case 5.—I. G., a woman, aged 52, swallowed or aspirated a chicken bone six 
weeks before admission to the hospital. She complained of pain beneath the right 
scapula and persistent cough; she brought up from 2 to 3 ounces of foul sputum 
daily. A few days before admission the chicken bone was seen by bronchoscopy, 
but could not be extracted. She had some mental depression and signs of involve- 


ment of the upper lobe of the right lung. Ten days after admission a thoracotomy 


TABLE 3.—Observations in Group with Psychosis 


Age Duration and 


and Character of Operative 
Sex Pulmonary Lesion Procedures Time of Onset Comment 
52 Eight weeks; abscess Two stage; drain- Psychosis; fifth Transferred to other 
in upper lobe of age postoperative day institution; recov- 
right lung ered mentally 
52 Eleven months; ab- Thoracotomy and Psychosis; eleventh Transferred; seen 
M scess in lung; acute drainage of postoperative day 11 months later; 
putrid empyema empyema well mentally 


was done, but because the pleura was accidentally opened the suppurative focus 
was not drained until the second stage a week later. At this time an extrapul- 
monary and intrapulmonary abscess was drained. Six days later she showed signs 
of psychosis. There were delusions. She thought some one was trying to kill 
her. She cried noisily and threatened suicide. She attempted to get out of bed 
and pulled off the dressings. On the sixth day of the psychosis she was trans- 
‘ferred to a psychopathic hospital, where after a short period she recovered mentally. 
The temperature rose above 101 F. only a couple of times. The entire illness 
was brief and, until she entered the hospital, did not confine the patient to bed. 


While it cannot be denied that cases 4 and 5 may have presented 
psychosis of the type seen complicating a serious illness, the usual fac- 
tors such as a prolonged debilitating disease, high prolonged fever or 
hemorrhage are absent. In an earlier section two cases were reported 
in which the onset of the cerebral picture was with a psychosis. In these 
two cases an organic lesion can hardly be denied. The presence of a 
psychosis as the sole symptom of some tumors of the frontal lobe is too 
well known to be emphasized. It may be speculation, but it is a possi- 
bility well worth entertaining, that in patients with pulmonary suppura- 
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tion in whom a psychosis develops and the usual antecedent factors are 
absent, aseptic embolus or emboli lodging in the frontal lobe may be the 
cause. 

SUMMARY 


Nineteen cases which presented cerebral symptoms complicating 
pleuropulmonary suppuration were reviewed. These are arbitrarily 
divided into three groups: (1) abscess of the brain, (2) aseptic embolus 
and (3) psychosis. It is suggested that a single etiologic factor is present 
in all groups, namely, an embolus. In the first group the embolus is 
infected and in the second group aseptic; in the third group it is postu- 
lated as a factor in the psychosis. 


| 
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Clinical Notes 


LIPODYSTROPHY IN ADULTS 


SAMUEL J. CoHEN, M.D., Benjamin M. Ets, M.D., BrooKityn 


Associate Attending Physicians, Jewish Hospital 


Morgagni is credited with the first description of a case apparently resembling 


lipodystrophy. The first comprehensive clinical description of the condition in 
the American literature was recorded, in 1885, by S. Weir Mitchell.' It is regret- 
table that in the literature only occasional mention appears of his excellent descrip- 
tion of a “case of absence of adipose matter in the upper half of the body.” 

In the past few years cases of lipodystrophy with superimposed clinical features 
have been reported, and we believe that cases exhibiting many additional interest- 
ing phenomena should be placed on record so that an analysis of these protean 
manifestations may lead one to a true interpretation of the disease. 

The subject has been adequately reviewed by several writers, so that reiteration 
is not necessary. However, as we critically perused the cases reported to date, 
we were impressed with the contrast between the manifestations found in adults 
and those encountered in children. In children signs of a malaistribution of 
deposits of fat and nervous symptoms that one can readily attribute to a “spoiled 
child” are noted. In adults, however, lipodystrophy is commonly associated with 
symptoms referable to the psyche, even a true psychosis, and disturbances of many 


( 


f the endocrine functions, together with metabolic alterations. Five of Ziegler’s ? 
seven cases of lipodystrophy in adults showed evidences of an abnormal thyroid 
gland. Simons,? who first named the entity lipodystrophia progressiva, found in 
his case a palpable thyroid gland. Wertham‘ reported a similar case, and 
Maranon and Soler ® recorded seven cases of lipodystrophy in women, all of whom 
gave evidence of marked hyperthyroidism. Wolff and Ehrenclou® reported the 
case of a woman, aged 40, who had a heightened metabolic rate, and in Staunch’s 7 

From the medical service of Dr. Meyer A. Rabinowitz, Jewish Hospital. 
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case the thyroid gland contained a hard tumor. Charles and Liggett ® reported a 
similar case, and Sprunt’s® two patients, both women, had hyperthyroidism and 
thyroid struma. Ziegler and Prout? reviewed the eighty cases of lipodystrophy 
reported up to 1928; they found that sixteen showed thyroid disturbances, but 
they did not tabulate the ages of the patients in this group. It was also noted 
that the patients frequently showed mental symptoms, such as depression, excite- 
ment, self consciousness and hallucinations. The mental symptoms were more 
marked than the nervous symptoms that are usually associated with hyperthyroid- 
ism alone. 

The majority of the cases reported showed a tendency toward a disturbed 
carbohydrate metabolism. The case reported by Currier and Davis !! showed a 
disturbed fat metabolism. The records in the other cases do not contain studies 
ot cholesterol or lipoid. 

Another interesting notation was that the onset of lipodystrophy in several 
cases Was synchronous with the establishment of a natural or artificial menopause. 
Maranon and Soler ® reported a case of this sort; Currier and Davis?! reported a 
similar case, as well as one !? that followed bilateral oophorectomy. Charles and 
Liggett’s case’ is similar, and Smith!* reported a case of lipodystrophy of the 
lower extremities which came on after the natural establishment of the climacteric. 


REPORT OF CASES 


Case 1—L. S., a woman, aged 52, was admitted to the Jewish Hospital com- 
plaining of extreme nervousness, fatigability, shortness of breath and palpitation. 
The family history was essentially irrelevant. Menstruation had begun at the age 
of 16 and had been regular until the menopause was established at the age of 47. 
The patient had been married for thirty years and was never pregnant. Five years 
before she had been told that her heart action was irregular. Her appetite was 
always good, but in the last two years she lost 30 pounds (13.6 Kg.) and had 
become nervous and apprehensive; a tremor of the hands had developed. At the 
same time she noted that while the face, arms and chest became thin the rest of 
the body retained its normal appearance. 

Examination—The outline of the upper half of the body was cadaverous in 
contrast with the normal contours of the parts below the umbilicus. This contrast 
was so striking that the upper half of the body could be estimated to be that of 
a person weighing 75 pounds (34 Kg.), while the lower portion looked like that 
of a person weighing 140 pounds (63.5 Kg.) ; actually the weight was 108 pounds 
(48.9 Kg.). The patient appeared to be nervous and markedly emotional; she 
felt depressed, cried often, was afraid and suspicious of her surroundings and 

8. Charles, J. W., and Liggett, H. S.: Lipodystrophia Progressiva with 
Ocular Complications, J. Missouri M. A. 24:239, 1927. 

9. Sprunt, T. P.: Lipodystrophia Progressiva, South. M. J. 16:333, 1923. 

10. Ziegler, L. H., and Prout, C. T.: Neuropsychiatric Aspects « 
trophic Disturbances, Am. J. Psychiat. 7:709, 1928. 
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11. Currier, F. P., and Davis, D. B.: Progressive Lipodystrophy Appearing at 
Menopause, Am. J. M. Sc. 179:750, 1930. 


12. Currier, F. P., and Davis, D. B.: Progressive Lipodystrophy: Report of 
Case, J. Michigan M. Soc. 30:269, 1931. 
13. Smith, H.: Progressive Lipodystrophy of the Lower Extremities, Am. J. 
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exhibited frequent spells of trembling of the entire body. 


The eyes showed sligh 
exophthalmos; the thyroid gland was enlarged. 


ght 
The heart was enlarged and 
fibrillating. The basal metabolic rate was plus 42 per cent; the fasting blood sugar 
was 160 mg. per hundred cubic centimeters; the urine was negative for sugar and 
albumin; the blood cholesterol was 250 mg. per hundred cubic centimeters. A 
blood count showed: erythrocytes, 4,500,000 per cubic millimeter; hemoglobin 
(Sahli), 65 per cent, and leukocytes, 8,000 per cubic millimeter, of which 56 per 
cent were polymorphonuclears, 5 per cent mononuclears, 38 per cent lympho- 
cytes and 1 per cent eosinophils. 
A diagnosis of thyrotoxicosis, psychosis, auricular fibrillation and lipodystrophy 
was made. 
Operation.—Bilateral subtotal thyroidectomy was 


performed by Dr. Henry W. 
Louria. 


The gland, on section, was yellowish brown and the cut surface was 


finely granular. Microscopically, the gland showed an increase in the parenchyma 


Fig. 1 (case 1).—4A, the patient at the age of 36; B, at the time of admission 
to the hospital. 


the acini were dilated, many of them containing projecting spurs. There were no 
postoperative complications, but two years after the thyroidectomy the psychosis 
had not improved, the nervous symptoms had not been relieved, there had been 


no appreciable gain in weight, and the basal metabolic rate was plus 54 per cent 


Case 2.—G. B., a woman, aged 55, was admitted to the Jewish Hospital because 
of generalized weakness of eight years’ duration. She is the youngest of eight 
children; she never had a severe illness, but suffered privation and starvation in 


Poland and Austria during the World War. The family history was irrelevant 
Menstruation began at the age of 13 years and was always regular; the menopause 


was established at the age of 48. She was married at the age of 29 and had no 


children; at the age of 34, after a ten week pregnancy she had a spontaneous 
abortion. She was always robust, and weighed 130 pounds (58.9 Kg.). About 
eight years before presentation for treatment she noticed that she was getting 
thinner over the upper part of the body, while the lower parts ot the body, par- 


ticularly the extremities, were increasing. At the same time she noted an enlarge- 
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ment of the thyroid gland and a lump in its center. She became nervous and 
apprehensive; she could not sleep and had frequent attacks of palpitation. 

Examination.—The patient was nervous and psychotic, and presented a typical 
cephalothoracic type of lipodystrophy. The heart was enlarged and _ fibrillating. 
thyroid gland was enlarged, particularly the right lobe, and the isthmus con- 
There was no evidence of sacral or 


The 
tained an adenoma the size of a hazel-nut. 
dependent edema. The systolic blood pressure was 180, and the diastolic, 90; the 
weight was 104 pounds (47.2 Kg.); the eyegrounds showed moderate sclerosis 
of the retinal vessels; the Wassermann and Kahn reactions of the blood were 
egative; the blood sugar during fasting was 126 mg.; the blood cholesterol was 
28& mg. A blood count showed: erythrocytes, 3,500,000; hemoglobin (Sahli), 70 
per cent, and leukocytes, 5,200, of which 60 per cent were polymorphonuclears, 
38 per cent lymphocytes and 2 per cent mononuclears. Examination of the urine 
showed a faint trace of albumin but no sugar. The basal metabolic rate was plus 


at the age of 41; B, at the time of admission 


1, the patient 


nt became so psychotic and uncooperative that she was dis- 


harged after sever the hospital. 

Comment.—These two cases illustrate some features encountered in lipodys- 
lult type. In both the lipodystrophy had first appeared at the time 
the climacteric, when there appeared also changes in the thyroid gland, hyper- 
an altered carbohydrate metabolism in one case 


thyroidism, and a psychosis, with 
Thyroidectomy in one case 


and an altered cholesterol metabolism in both cases. 
€ symptoms of hyperthyroidism or lower the high metabolic rate. 


1 
} 


aid not relieve t 


Ziegler !4 obtained the same result in a similar case. 
COMMENT 
We have already referred to the difference between the signs and symptoms 
in children and those in adults and pointed out that adults show symptoms of 
endocrine dysfunction and metabolic disturbances. The nature and cause of the 
14. Ziegler, L. H Py Staff Meet., Mayo Clin. 2:251 (Oct. 26) 1927. 
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changes is not altogether clear. Perhaps, however, in the course of time this wil 


be clarified if the lipodystrophic children are followed into the fourth and_ fifth 
decades and endocrinopathic changes during the various stages of development 
from childhood to full maturity are noted. One of us (S. J. C.) has at present 
under observation a woman, aged 42, who has had a typical cephalothoracic type 
of lipodystrophy since childhood. She presented no new manifestations up to tw 
years ago, when a hystero-oophorectomy was performed; she has since presented 
all of the manifestations of hyperthyroidism and is extremely nervous. The 
metabolic disturbances in lipodystrophy may be accounted for by ovarian dystunc- 
tion, for the ovaries influence the fat and carbohydrate metabolism.!® The pituitary 
gland exerts a regulatory control over fat metabolism and the distribution of fat 
in the body, for alterations in this gland are responsible for the clinical picture 
of Simmonds’ type of cachexia, Dercum’s disease and the type of obesity recenth 
described by Cushing.'§ 


CONCLUSIONS 


Definite conclusions as to the pathogenesis of lipodystrophy cannot be dray 
at this time. Nevertheless, an analysis of the signs and symptoms as they occur 
in the adult lead us to believe that a disturbed endocrine system is the caus 
the syndrome. Children exhibit only a maldistribution of fat and nervousness, 
but lipodystrophic adults show also mental symptoms, disturbances of the thyro 
gland and an altered carbohydrate and cholesterol metabolism. It may theret 
be reasonable to infer that lipodystrophy is the result of endocrinopathy, either 
congenital or acquired during childhood or at the menopause. Proper coordinatio: 


of the endocrine chain of glands is vital to the life cycle of the human body. Should 


there be a lack of equipment at any stage, the development of the body wil 
materially altered, and various pathologic states will result. One of these states ts 
lipodystrophy. Before full adult development is reached new endocrine glands 
mature and begin to function, thus adding the equipment needed tor the norma! 
state. It is this difference between the equipment in the adult and that in t 


child that gives rise to the differences in the clinical picture. 


SUM MARY 


1. Two cases of lipodystrophy with hyperthyroidism, mental symptoms and a 
disturbed cholesterol metabolism, occurring at the menopause, are record 

2. The symptoms and signs of lipodystrophy in adults are different from those 
in children. 

3. Thyroidectomy does not relieve the signs and symptoms of hyperthyroidis: 


when it is associated with 1 


ipodystrophy. 

4. Lipodystrophy is probably dependent on endocrinopathy. 

15. Bokelmann: Kohlehydrat-Fettstoffwechsel und Ovariumfunktion, Ztschr 
f. Geburtsh. u. Gynak. 97:529, 1930. 


16. Cushing, H.: Papers Relating to the Pituitary Body, Hypothalamus an: 


Parasympathetic Nervous System, Springfield, Ill., Charles C. Thomas, Publis! 
T4135. 


AUTONOMIC EPILEPSY 


Report of a Case with Observations at Necropsy 
A. J. McLean, M.D., Porttanp, Ore. 


In 1929, Penfield! introduced the conception of autonomic epilepsy, reporting 
in detail the history and observations at necropsy in the case of a patient with a 
cholesteatomatous tumor of the choroid plexus of the anterior part of the third 
ventricle, intermittently blocking the foramina of Monro as a ball valve and pro- 
ducing focal degenerations in the rostral part of the thalamus above the anterior 
commissure. The floor and the lower lateral walls of the third ventricle were not 
demonstrably affected; there was relatively wide bilateral communication between 
the knees of the lateral ventricles and the circumpineal arachnoid spaces. During 
the repeated attacks the sequence was: a prodromal sense of warmth and thirst, 
with sudden dilatation of the capillaries of the skin in areas supplied by the cervical 
sympathetic and a precipitate rise in blood pressure; this was followed by marked 
lacrimation, sweating, salivation, pupillary movements, exophthalmos, billowing 
pilomotor excitation, hypothermia, increased pulse rate, slowed respiration, hiccup- 
ing, shivering and Cheyne-Stokes respiration; loss of consciousness was rare; 
urinary retention was present. Penfield suggested that “in the thalamus and not the 
hypothalamus lies the highest representation of the vegetative nervous system.” 

Conceptions of epilepsy have broadened since Jackson’s 2 and Gowers’ * funda- 
mental contributions; it is no longer a morbus per se, but attacks are regarded 
as symptom complexes whose significance in cerebral localization is frequently of 
vital importance for therapeutic attack.t Jacksonian focal cortical epilepsy > was 
the first separate clinical picture to be picked out of the confused heap of con- 
vulsive phenomena; later, the tonic extensor cerebellar fits were recognized, als 
by Jackson," as vermis irritations, these usually not being accompanied by clonic 


movements. Owing to Foerster’s epochal clinical work on electrical stimulation 
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luman cortex? and his correlation of resultant physiologic and cyto-archi- 
tectonic data, a tremendous increase in the possibilities of localization has been 
effected through interpretation of initial movements heretofore considered as con- 
fusing or without clinical significance. The concept of epilepsy was expanded 
long ago to include less violent phenomena, as in petit mal and, more recently, 
pyknolepsy;* it has been further expanded to include: epileptic equivalents and 
affect epilepsy, which are without loss of consciousness;® subcortical epilepsy, 
with tonic cramps in athetoid posture,!° and striate 11 or extrapyramidal epilepsy.12 


It behooves one, in the presence of these acknowledged epilepsies, to recast the 


lippocratic definition of the phenomenon: convulsions with loss of consciousness. 
A definition which will cover the aforementioned categories and exclude tics and 
forced movements might be attempted as follows: Epilepsy is an involuntary, 
expanding, patterned, irritative discharge of nervous energy, usually cyclic and 


often with alteration of consciousness. A definition of this nature excludes 


Koshevnikoff'’s “partial continuous epilepsy,” but this might as satisfactorily be 


considered a tic. 


The probable functions of the nuclei of the floor and the walls of the third 


ventricle have received considerable attention in the past few years. On the pre- 
carious basis of still disputed experiments, Greving has had the temerity to attempt 
the assignment of function to specific nuclei: water metabolism to the nucleus 
supra-opticus, temperature regulation to the nucleus tuberis, carbohydrate metabo- 
lism to the nucleus paraventricularis and sweating and certain smooth muscle control 
to the corpus luysii. Sleep is assigned to stimulation of the diencephalic substantia 
grisea centralis; Foerster !° offered a hypothesis of mania-somnolence balance as 
effected through stimulation of parts lying between the anterior and posterior 


the floor of the third ventricle, and this has been suggestively substan- 


rimentally by Fulton and Ingraham’s !4 independent experimental work ; 
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Bard ?° and Cannon !® delimited the area for sham rage in experimental animals 
as in the anterior part of the third ventricle, and Beattie 17 gave physiologic and 
anatomic evidence showing a connection between the hypothalamus and the spinal 
sympathetics. Brooks,'* on the other hand, presented evidence showing that pri- 
mary control of glycemic equilibrium is solely in the medulla. Fulton and Bailey *9 
published cases associating Quincke’s paroxysmal edema with some tumorous 
lesions of the third ventricle. Morgan2° demonstrated degenerative changes in 
certain nuclei of the tuber cinereum in cases of epilepsy (unfortunately without 
detailed clinical histories), and drew attention to the well known fact that attacks 
of grand mal are usually preceded by phenomena now recognized as sympathetic 
discharges. Clinical evidence for diencephalic vegetative disturbances was epito- 
mized by Lotmar,?! and Bard,?2 among others, summarized recent physiologic 
evidence, 

In the case reported here, from the service of Prof. O. Foerster, of Breslau, 
the symptoms of an exceptionally interesting tumor may be divided arbitrarily 
into three groups: autonomic, basilar ganglionic and projection tract symptoms 
The tumor is interesting, moreover, because of its comparatively rare histologi 
type (comprising only about 4 per cent of the glioma group), its location and rate 
of growth, the early, pure autonomic epileptic attacks and the appearance of 
narcolepsy and hypersomnia months before the symptoms of pressure occurred; 
classic convulsive epilepsy was only terminal. Symptoms of autonomic epilepsy 
should be compared and contrasted with those listed by Penfield. In the case 
reported here they were: apprehension, anxiety, agitation, precordial oppression, 
hunger, tachycardia, dyspnea, anisocoria, sweating, pilomotor phenomena, narcolepsy 
and hypersomnia. Basilar ganglionic symptoms present were: massive pseudo- 
affect, bradykinesia, slowed speech, rigidity, tremor, asynkinesia, retropulsive fall- 
ing, cold paresthesias, hyperpathia and hypesthesia. Involvement of the projection 
tract was shown by altered deep reflexes, clonus and hemiparesis, augmenting t 
hemiplegia, with Babinski and Rossolimo reflexes 
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Although symptoms of autonomic epilepsy are now not infrequently spoken of 
in the literature as such,!°® I believe that this case is only the second to be 
reported with a lesion demonstrated by necropsy and confined solely or largely to 
this central sympathetic region. 

REPORT OF A CASE 

Hypothalamic astroblastoma, with invasion of basal leptomeninges, right ante- 
rior perforated substance, and frontal and temporal horns. Autonomic epilepsy, 
narcolepsy, jacksonian attacks; polyphagia-emaciation; left-sided hypertonicity, 
tremor, dilated pupil, cold paresthesias; amimia; massive pseudo-affect. Later 
left hemiparesis, ataxia, bradykinesia, hyperreflexia, clonus and retropulsive fall; 
scansion; bilateral Babinski and Rossolimo signs. Syndactyly, cleft palate, enuresis. 
Death in status epilepticus three months after final entry into the hospital. 


History.—P. H., a musician, aged 38, had syndactyly between the proximal 
phalanges of the hands; he had had enuresis nocturna until he was 20. He was 
wounded four times during the war (in the abdomen, left side of the chest, right 
gluteus muscle and left thigh), was married in 1919, had a syphilitic infection 
in 1920 and was the father of a healthy son, aged 3 years. In June, 1926, he 
began to have peculiar attacks lasting about ten minutes, at first nocturnal, but 
later from one to fifteen times a day; during the attacks he was agitated, appre- 
hensive and anxious; he sweat much, was dyspneic and had precordial oppression 
with tachycardia, hunger and impulsive weeping. In December he had bronchial 
catarrh for two or three days, followed by a high fever, headaches and drowsiness ; 
the condition was diagnosed as encephalitis. He remained in bed for a week and 
then returned to work. In the following three months he had cold paresthesias 
on the left side and difficulty in keeping awake during the day. In April, the 
attacks began to be accompanied by a marked left-sided tremor, and he noticed 
some rigidity and slowness in movements of the left arm and leg; he also had 
attacks « 
ten to fifteen minutes. He entered a neurologic institute in June, 1927, after an 


f uncontrollable drowsiness two or three times a day, lasting for from 


obscure epileptic attack; there the left pupil was found to be larger than the right, 
and left facial amimia was demonstrated, with absence of associated movements 
of the left arm, rigidity and slight tremor of the left leg and arm and increased 
left achilles and knee jerks, narcolepsy, slowing of speech and attacks of weeping 
without affect lasting from one-half to two minutes, the latter often occurring when 
he was pressed for definite answers to questions. Hypesthesia on the left was 
present, with marked hyperpathia, and effective stimuli invariably produced con- 
siderable pilomotor response on the left; there was no adiadokokinesia or pyram- 
idal signs. In February, 1928, he was twice in a deep lethargy for twenty-four 
hours; this was diagnosed as “brain sleep.” In March he entered a municipal 
hospital for two and one-half months, where there were observed attacks of loss 
of consciousness which began objectively with short, rapid tremor, with subsequent 
marked tonic rigidity and opisthotonos of the body and extremities; neurologic 
examination gave the results already noted, with the addition of left ankle clonus 
and some dragging of the left leg in walking. 

Physical Examination—On May 10, 1928, the patient was badly nourished, 
pallid and of medium size, with a repaired cleft palate and nasal speech; the head 
was kept turned to the right by preference; the left pupil was larger than the 
right; reactions to light and in convergence were good. The ocular fundi were 


normal. Some nystagmoid twitches occurred on extreme deviation of the eyes. 


Paralysis of the lower half of the left side of the face was complete for voluntary 
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and emotional movements; the left side of the forehead showed no creases. The 
corneal reflexes were normal. The tongue deviated slightly to the left; the gag 
reflex was normal. Speech was dysarthric and nasal. All movements of the 
leit side were slow, rigid and weak; dysdiadokokinesia was present; early rigidity 
was present on the right. The tendon reflexes were exaggerated on the left; the 
finger-to-nose and heel-to-knee tests were performed with marked tremor, especially 
on the left. The patient fell backward and to the left in the Romberg position; 
he was unable to stand alone; when he tried to walk he dropped backward rigidly ; 
the Babinski and Rossolimo signs were positive on both sides. There were 
no detectable sensory disturbances. The patient slept much, and when awakened 
was in a bad temper, but his responses were prompt, and the sleep was real. 
Serologic tests of the blood and cerebrospinal fluid gave normal results, except 
for 15 cells per cubic millimeter and 20 mg. of albumin per hundred cubic centime- 
ters of cerebrospinal fluid. 

Course.—Encephalography was attempted; though 35 cc. of fluid was with- 
drawn, no air could be introduced. That evening the patient became comatose, 


with stertorous respirations; an attempt at a ventricular tap was unsuccessful. 
The condition improved slowly and spontaneously during the succeeding five days; 
appetite returned; there was scanning speech, and the patient slept normally much 
of the day. On May 29, the eyegrounds were still entirely normal; the condition 
was unchanged, except that pupillary reactions to light were weak, and the patient 
was unable to sit up; he at once fell backward and to the left. When awakened 
he was immediately attentive, showed interest in the surroundings and read the 
newspaper; he had a large appetite but complained of headache. 

During June, July and August the eyegrounds, which were repeatedly exam- 
ined by the house staff and consulting ophthalmologists, remained normal. The 
hypersomnia continued through June, but diminished in July; when the patient was 
awakened, he was incoherent, weeping a great deal and laughing suddenly without 
affect or reason. On July 10, he had an epileptic seizure in which the head, eyes 
and trunk were turned to the right; there were tonic twitchings which were initi- 
ated on the right, but spread to the left; following these seizures he was incontinent 
cf urine and remained in deep coma for several hours. On July 20, he had a 
eng series of attacks of this sort, each a duplicate of the others. On July 25, 
he again had two attacks and became semicomatose; on July 29 there were two 
more. The head and eyes turned permanently to the right, and there was no 
response to pinprick; the pupils were fixed. The temperature rose precipitately 

39 C. (102.2 F.). On the following day there were four seizures, and respira- 
tion became irregular. On August 3 there were six seizures and the patient was 
omatose and incontinent; on August 4 he entered a status epilepticus which was 


not 


t controlled by chloral hydrate. He died at 3 a. m. 

Necropsy.—Brain: There was only a slight pressure cone at the foramen 
magnum, although the cerebellar tonsils, uvula and vermis were crammed tightly 
together. All branches of the arbor vitae presented a leaden discoloration, as also 
did the depths of the cortical convolutions ; the discoloration was from absorption 
cf old hemorrhage in the cerebrospinal fluid. The brain was small for a man 
i the patient’s age. 

A grayish-pink, smooth, porcelain-like, invasive glioma, slightly softer than 
tissue, had arisen apparently from the floor and the lower parts of the walls 


{ the third ventricle, in the region between the roots of the fornices and the 
corpora mamillaria (fig. 1); it penetrated the floor at this point to proliferate 
tberally in the arachnoid of the basal cisternae, more especially on the right side. 


Lhe proliferation was both caudad and cephalad to t 


1 
} 


tentorial incisure, deforming 
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subtentorially on the right the middle and the superior cerebellar peduncles, the 
tentorium deeply constricting the tumor (fig. 3) ; it was the multiple hemorrages in 
the tumor here which probably produced the lethal constriction of the midbrain 
Supratentorially, the posterior extension had invaded through the choroidal plexus 
lamina between the dentate gyrus and the optic tract into the temporal ventricular 
horn, which it completely plugged (fig. 3). The rostral growth had infiltrated the 
mural aspects of the thalami, involved the pillars and anterior horizontal part of 


merricl! 


Fig. 1—The basis cerebri, showing the invasive character of the growth 
the leptomeninges; the optic chiasm is encased, the right substantia perforata 
anterior obliterated and the hippocampal fissure filled on the right; the astro- 
blastoma has also advanced over the inferior superficial aspects of the frontal and 
temporal lobes. Note the deep grooves made by the tentorial incisure, extending 
as far forward as the anterior clinoid processes. The marginal numerals serve 
as a key for the levels of the coronal sections shown in figures 2 and 3 


the fornices without occluding the foramina of Monro, replaced the septum lucidum 

and plugged the right anterior horn with a whorled nodule of healthy tumor 

(fig. 2); at the same time, the forward extension of the growth in the basal 
5 


leptomeninges had encased the tuber cinereum and optic chiasm with tumor (fig. 1), 


| 


McLEAN—AUTONOMIC EPILEPSY 195 


Fig. 2.—Anterior-posterior view of the coronal section at the level marked 
4 in figure 1, showing diffuse, porcelain-surfaced, tumorous invasion of the tem- 
poral horn through the hippocampal fissure and wide subependymal involvement 
of the walls of the third ventricle. 


merac! 


Fig. 3.—Anterior-posterior view of the coronal section at the level marked 

in figure 1, showing the pontile displacement, the deep grooving of the inferior 
extension of the tumor by the tentorial incisure and the continuance of the bilateral 
mural infiltration of the third ventricle. Though some punctate hemorrhages are 
shown here, most of the agonal extravasation in the tumor is seen in the section 
at the level marked 6 in figure 1. 
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wiped out the right anterior perforated substance and olfactory trigon and invaded 
the right gyrus rectus for 3 cm. in front of the chiasm, so that the intraventricular 
and basal extensions of tumor were separated by only a lamina, from 1 to 2 mm. 
in thickness, of normal brain tissue. The replacement of the right anterior per- 
forated substance by tumor had produced an ischemic edema in the distributior 
of the lenticulostriate artery, so that the septum lucidum and the anterior striatum 
showed early necrotic changes. The substantia nigra was not macroscopicall 
involved in the tumor, nor was the central gray matter about the aqueduct of 
Sylvius. 

Microscopic Examination: The growth was a loose textured, somewhat infil- 
trating, cellular tumor, with considerable hypertrophy of the vessel walls, especial; 


Fig. 4—Photomicrograph showing the usual picture throughout the tumor; 


note the elongated cell processes sweeping generally toward the capillary. Thi 
structure is so tangled and the cell bodies are so sparse that identification of the 
unitary structure is difficult in this particular preparation. Hortega’s silver-lithium 


carbonate; 250. 


in its older and juxtadegenerative areas. In the parts within the ventricle, t! 
long processes attached to the vessel walls were readily seen in almost every 
field (fig. 4); the cell body was pear-shaped or triangular, and from its apical 
portion several small, stubby processes were given off; this was the predominating 
type of cell and structure. There were, however, considerable areas with th 
eddied and sweeping structure of unipolar and bipolar spongioblasts, with no ten- 
dency to arrange themselves in any particular orientation to vessels; the tails 

such cells were slightly atypical, in that they were unusually frayed comparativel 
close to the cell body; they stained, however, rather better with eosin than with 


1 +! 


phosphomolybdic acid hematoxylin. Giant cells were relatively frequent in the 
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more loosely structured tumor tissue outside the ventricle. Gold sublimate stained 
the tumor cells nonspecifically. Silver carbonate demonstrated sucker feet beauti- 
fully; only rare astrocytes were seen, and these stained poorly. Held-Cajal stains 
succeeded in demonstrating well the apical processes of the cells. With ethyl- 
violet-orange-G, occasional collections of cytoplasmic inclusions were seen; these 
varied much in the size of their constituents; centrosomes were not infrequent, 
but blepharoplasts could not be demonstrated. 

The tumor was diagnosed as astroblastoma. 


CONCLUSIONS 

1. The second reported case of autonomic epilepsy, with necropsy, is detailed 
and discussed. 

2. The neurologic signs, including the rarely observed autonomic epilepsy, sug- 
gested localization in the floor and walls of the third ventricle, and this was con- 
firmed at necropsy. 

3. The tumor cerebri (astroblastoma) in this case was concomitant with several 
stigmas of imperfect development. 

4. Narcolepsy and precocious hypersomnia were present, with the persistent 
absence of choked disks. 
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JUVENILE AMAUROTIC IDIOCY 


Marked Adventitial Growth Associated with Skeletal Malformations 
and Tuberculomas 


C. R. Tutuitt, M.D., BuFrFrato 


Amaurotic idiocy assumed a new significance when Bielschowsky ! demonstrated 
ts occurrence with Niemann-Pick’s disease. He expressed the belief that both 
diseases were the result of the same pathologic factor, that is, a disturbance of 
the lipoid metabolism. On the other hand, the name given by Bloom,? “‘lipoid 
histiocytosis,” signifies that Niemann-Pick’s disease is a primary pathologic condi- 
tion of the mesoderm, while amaurotic idiocy has been considered a primary dis- 
ease of the neuroderm. In 1928, Abt and Bloom? were able to collect reports 
ft fifteen cases of Niemann-Pick’s disease, but in only two was there record of an 
examination of the brain. Since that time the association of amaurotic idiocy 
with Niemann-Pick’s disease has been described by Wascowitz,* Hassin,5 Poncher ® 
and others. Kutfs* concurred with Bielschowsky1! in the point of view that 
amaurotic idiocy is part of Niemann-Pick’s disease, but he believed that varying 
grades of lipoid are found. Von Santha’ vigorously contested the conception that 
Niemann-Pick’s disease and amaurotic idiocy are one. He reported three cases of 
Tay-Sachs’ disease in which no lipoid was demonstrable in the liver, spleen or 
Ivmph nodes. He considered amaurotic idiocy to be an isolated degenerative dis- 
ease Of the nervous system, particularly of the ganglion cells. Schaffer ® 
ontended that Niemann-Pick’s disease is a primary pathologic condition 

the mesodermic metabolic apparatus, and that it is therefore distinct 
from amaurotic idiocy, which is a disease of the ganglion cells. He distinguished 
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the two diseases by histologic examination. In amaurotic idiocy the oligoden- 
droglia and the microglia act as efferent transportation elements of sudan-staining 
lipoid. In Niemann-Pick’s disease mulberry histiocytes are the afferent elements 
for transportation of granules with an affinity for hematoxylin. Kufs1° and 
Schob,!1 however, attempted to maintain that amaurotic idiocy in all cases arises 
from disturbance in the metabolism of fats. In support of his belief, Kufs 1° 
described two cases of late amaurotic idiocy in which there was deposition of 
fat in the parenchymal cells of the liver, kidneys and heart and in the reticular 
cells of the mesenteric nodes. Nevertheless, the condition that he describes does 
not appear to be similar to Niemann-Pick’s disease. The ages of the patients, 37 
and 39, suggest numerous causes for fatty changes in the organs. The fat was 
deposited, not in the histiocytes, as in Niemann-Pick’s disease, but in the parenchymal 
cells of the liver and kidneys, while the spleen was not affected. Furthermore, 
two patients with juvenile amaurotic idiocy examined in the Forschungsanstalt, one 
of whom was Spielmeyer’s !* original patient with this disease, showed no fatty 
changes in the visceral organs. 

In the case of juvenile amaurotic idiocy which is reported here the organs 
could not be examined microscopically, but in their gross appearance as reported 
there were none of the characteristics of the hypertrophic organs of patients with 
Niemann-Pick’s disease. 

REPORT OF A CASE 


History. —G. K., a boy, born on Feb. 2, 1914, was the fifth child of healthy 
gentile parents. The other four children were apparently healthy. The maternal 
grandparents and sister had died of tuberculosis. The child was normal until 
the third month, when the mother noticed that his back was crooked. Six months 
later the head became large and peculiarly shaped. Huis first teeth appeared at 
9 months. He did not learn to sit until 1 year. At this age he became ill with 
varicella and “inflammation of the lungs.” Following these illnesses, and perhaps 
as a result of them, he became totally deaf so that he learned only two words, 
papa” and “mamma.” He began to walk at 26 months. At 28 months he was 
brought to the children’s clinic for examination. 

He was described as an unusually fat boy with a large, deformed head, 52 cm. in 
circumference. The forehead was low and overrun with greatly distended veins. 
The large fontanel was open and appeared crateriform because of a large, bony 
growth which extended from the nose to the occipital protuberance. The iris, 
sclera and pupil were not well differentiated, and the cornea appeared muddy. 


TY 


le nose was broad and flat; the hands were short and plump, with the fourth 


and fifth fingers bent radially. There was a slight mustache but not much hair 
on the head. The sternum was deeply sunken; kyphosis of the dorsal and lumbar 
vertebrae was present. The ‘heart and lungs were normal. The liver was 
1 


114 fingerbreadths below the costal margin; the spleen was palpable. An umbilical 
hernia protruded on an enormously distended abdomen. Glands were not palpable. 
The Wassermann reaction was negative, and the blood picture showed secondary 
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anemia. The expression on the child’s face was dull and unchanging: he never 
spoke and seldom laughed, but he played with the other children. 

A diagnosis of imbecility and rachitis florida was made. 

Two years later, at 4 years of age, he entered the psychiatric clinic. The 
previous physical defects were still present, except that the liver and spleen were 
no longer palpable. The hair on the head was by that time short and stubby; 
the lips were thick and the teeth small and irregular. The thyroid gland was not 
palpable. The skin was dry and showed a slight tendency toward sweating. The 
psychic state appeared somewhat improved, since he played with toys, recognized 
various members of the staff and family, knew meal-time and could feed himself. 
He was considered to be a cretin, but the usual tests for thyroid deficiency were 
negative, and he did not improve with administration of thyroid tablets. 


= 


Fig. 1—Child at 6 years, showing beginning inability to stand. 


He was then transferred to the clinic for children’s diseases, where other 
skeletal defects were noted. The epiphyses of the long bones were thickened, 
and the sutures of the skull showed bony growths with distinct exostosis at the 
base of the skull. The arms could be moved only shoulder-high, and then only 
simultaneously with the scapula, while the clavicles were large and overbent. 
Roentgenograms of the shoulder showed a peculiar, corner-shaped head of the 
humerus. The child was now considered to be, not an idiot, but a deat child 
exhibiting the usual mental retardation. The skeletal defects were interpreted 
as a combination of malformations and tendencies toward malformation. 

During the next two years the child’s condition remained unchanged. In 
January, 1920, at the age of 6 years, there appeared a tuberculous swelling of 
the right thumb. Three months later the patient complained of headache, appeared 
anxious when obliged to stand and could no longer walk around. The photograph 
in figure 1 shows the skeletal malformations and the need of support in standing 
at this time. Eyesight began to fail, but he still played with toys and appeared 
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happy when noticed. In November, 1920, an operation was necessary for the 
tuberculous thumb and recently involved elbow. Following the operation he cried 
a great deal, played no more and became entirely blind. He lost weight and 
died in February, 1921, at the age of 7 years. 

Necropsy.—There were: pigeon breast; enlarged clavicles; a tuberculous fistula 
in the right elbow; a thickened thumb; a thymus weighing 7 Gm.; congestion of 
the liver and spleen; slightly fatty cortices of the suprarenal glands; caseous tuber- 
culosis of the glands of the thorax and primary tuberculosis of the lingula of 
the left lung; hydrocephalus and dolichocephalism; bowl formation of the sphenoid 
and lamina cribrosa; formation of osteophytes at the base of the skull, with two 
cavities, the size of cherry stones, in the crista occipitalis; bony sutures and 
sclerosis of the bones of the skull; edema of the brain and hydrocephalus internus ; 
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Fig. 2.—Balloon-shaped ganglion cells of cortex; toluidine blue stain. 


atrophy of the temporal lobes, and tubercles in the cerebellum and in the frontal 
and parietal lobes. 

Microscopic examination was confined to the brain. The architectonics of the 
cortex and elsewhere were disturbed only in the region of the tubercles and in 
the temporal lobe near the cornu ammonis, in which there was a loss of cells in 
the third layer. The morphologic changes of the ganglion cells of the cortex 
were not marked. Balloon-shaped cells with slight puffing of the dendrites and 
axons were found side by side with either normally formed cells or shrunken ones 
with darkly staining nuclei, as shown in figure 2. All parts of the cortex appeared 
to be equally involved. In the basal ganglia and brain stem, the cells of the nucleus 
caudatus, putamen and hypoglossal nucleus showed a markedly puffy contour. 
The cells of the other nuclei were similar to the balloon-shaped ones of the 
cortex, except the cells of the olives, the Purkinje cells and those of the dentate 
nucleus, which were merely slightly swollen. In the cord the ganglion cells 


varied in shape from normal to typical balloon shapes with enlarged dendrites 
I \ 
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Complete absence of Nissl bodies in all the ganglion cells was observed with 
the toluidine blue stain. The cytoplasm assumed the appearance of a netlike 
substance, with fine, dark-blue granules. When stained by Herxheimer’s method 
for fat, the granules did not appear to be part of the yellowish-red lipoid, since 
the latter appeared larger than the blue granules. Regardless of the degree of 
morphologic change, all of the cells contained lipoid. If the cells were only slightly 
rounded, as in the olives, the lipoid was visible only as a few fine droplets in the 
axonal portion of the cell. In the more typically swollen cell, the lipoid was 
present in all parts of the cytoplasm. When stained with Weigert’s myelin sheath 
stain, the lipoid was deep black. By the Bielschowsky method, the fibrils of the 
ganglion cells were seen to be confined to the outer border of the cells. No 
bizarrely shaped ganglion cells were seen. In the cerebellum the basket fibers, 
tangential fibers and mossy fibers were all clearly stained. 

The glia cells of the cortex were not increased in number but were slightly 
increased in size. When stained with toluidine blue, the cytoplasm appeared 
similar to that in the ganglion cells. Lipoid was observed in a few round cells 
near the larger vessels. This lipoid, however, stained a deeper red than the lipoid 

the ganglion cells and stained black with iron hematoxylin. The glia cells of 
the white substance had the same netlike cytoplasm with the toluidine blue stain as 
did those of the cortex. However, a few cells were markedly increased in size 
and stained a deep violet. Stained by the method of Cajal, these cells were 
opaquely brown and bizarre in figure, showing either no processes or a few 
thick ones and somewhat larger pseudopodia. No lipoid or amyloid was found 
in these cells. Lipoid-containing cells were sparsely scattered throughout the 
white substance. These cells were similar in size to the oligodendroglia and 
contained a few lipoid granules varying from yellowish red to red. Typical 
fat granule cells were likewise present in a few large areas which corresponded 
to destruction of myelin sheaths. Thinning of the myelin sheaths was universal 

the white substance of the hemispheres. 

The tubercles were typical in formation and lay open to the meninges. In 
the region of the tubercles was a localized meningitic reaction composed chiefly 
of round cells. Elsewhere the meninges were slightly thickened and _ infiltrated 
by a few round cells and macrophages. Only one partially formed tubercle was 
found in the meninges at the base of the brain. 

Turnbull's blue reaction for iron revealed a diffuse blue stain of the ganglion 
cells of the globus pallidus, the putamen and the red zone of the substantia nigra. 
The glia cells gave a similar reaction, except in the red zone of the substantia nigra, 
where the glia contained fine, dark-blue granules. 

There was no degeneration of the myelin sheaths of the acoustic nerves, nor 
were there changes in the nuclei. The optic nerves presented entire loss of myelin, 
with a heavy mantle of fat granule cells. 

The vessels of the cerebellum, pons, medulla oblongata and cord showed a 
noderate increase in the thickness of the adventitia. The vessels near the tubercles 
in the cerebellum were infiltrated by round cells and plasma cells, with slight 
increase of the adventitia. In the cortex the fibrous tissue around the capillaries 
and precapillaries was slightly thickened, while the adventitial tissue of the 
larger vessels was moderately increased and infiltrated by a few round cells 
containing lipoid. 

The adventitia of the vessels of the centrum ovale and of the basal ganglia 

was developed to an unusual thickness. Around some vessels the adventitia 


appeared to be as wide as twice the diameter of the vessels. Arteries and veins 


Fig. 3.—Perivascular adventitial cells in white substance; toluidine blue stain. 


Fig. 4—Perivascular adventitial cells showing bizarre forms and intracellular 
blue-staining substance; toluidine blue stain. 
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were equally affected, the thickened adventitia often surrounding artery and vein, 
together with their branches (fig. 3). When stained by van Gieson’s method, the 
adventitia was composed of both closely and loosely knit fibrous meshwork in 
which were many nuclei and an occasional clear, round cell. With hematoxylin 
and eosin, many nuclei with faintly perceptible cytoplasm were seen in _ the 
adventitial spaces. The cytoplasm of these was distinctly visible with 
thionine, but the fibrous growth of the adventitia was not seen. The cells varied 
in outline; some were spindle cells, and others were star-shaped and of bizarre 
figures, with processes which varied in number and size. These cells and 


processes were closely interwoven in the large adventitial spaces. In all parts 


Fig. 5.—Thickened meninges with numerous blue-staining particles; toluidine 


blue stain. 


of their cytoplasm were fine and coarse blue-staining granules, as can be seen 
in figure 4. These blue-staining particles likewise lay free in the adventitial spaces 
of the vessels. There was also a universal sprinkling of the blue substance around 
the ganglion cells and the glia cells and in conglomerate masses in the meninges, 
particularly at the base of the brain. The thickening of the meninges and _ the 
heavy accumulation of the particles above the cortex are shown in figure 5. 
Around the tubercles, also, the substance lay in great abundance. Although these 
particles were so distinctly stained with thionine, they were scarcely visible with 
the hematoxylin-eosin stain and not at all with the van Gieson stain. Only the 
nuclear aniline stains, methylthionine chloride (methylene blue), thionine and 
toluidine blue, brought them into view. Furthermore, only in alcohol-fixed material 
could they be stained. In material fixed in formaldehyde there was no trace of 
the substance. 
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COMMENT 


The early deafness of the child adds as much confusion to the interpretation 
of the clinical symptoms as does the singular combination of amaurotic idiocy 
and tuberculoma. It is therefore difficult to judge the early mentality of the 
child and to determine the onset of amaurotic idiocy. The inability to stand or 
walk, the failing vision, the headaches and the vomiting are symptoms not only of 
amaurotic idiocy but also of tuberculoma.!* Furthermore, blindness does not 
always occur in juvenile amaurotic idiocy. Its presence in this case may be 
attributable either to the generalized changes of the ganglion cells in the nervous 
system or to pressure from a tuberculoma, since the muddiness of the cornea 
prevented an ophthalmoscopic examination. 

Although it could not be ascertained clinically whether idiocy was present 
from birth, the histopathologic appearances of the central nervous system were 
typical of juvenile amaurotic idiocy, suggesting, therefore, a late development. 
The loss of Nissl substance, the mildly distended ganglion cells and the normally 
shaped ones are as distinctive of juvenile amaurotic idocy as the greatly enlarged 
ones and bizarre figures are of infantile amaurotic idiocy. A further distinguish- 
ing feature of the former is the deeper-staining lipoid of the microglia cells of 
the cortex. Furthermore, the architectonics are likewise better preserved in the 
juvenile than in the infantile type. The loss of myelin sheaths is always present 
in the latter, but is rare in the former. Ostertag 14 and Bielschowsky 1° considered 
that solution, rather than destruction, of the myelin takes place, because the brains 
of children contain considerable fluid. On the other hand, von Santha ® contended 
that in the infantile type the destruction of the myelin sheaths follows a system and 
is dependent on changes in the ganglion cells. The longer the duration of the 
disease, the more systems are involved and the more destruction occurs. In my 
case, however, destruction of the myelin sheaths was observed only in a few small, 
scattered patches, while the fibers of the system were well preserved. 

It was Schaffer’s 16 belief that in amaurotic idiocy a swelling of the hyaloplasm 
in the ganglion cells occurs first with a secondary deposition of fat granules. 
However, in this case fat granules were found in normally shaped cells and 
sometimes only in the axonal part of the cell. From such observations it may 
be contended that a primary lipoid change of the cytoplasm occurs with a 
secondary swelling of the cell. Furthermore, the combination of lipoid and iron 
in the basal ganglion cells suggests that both were present as the result of a 
disturbance of cell metabolism, since, according to Spatz,!7 the normal appearance 
of iron in these cells occurs in the twelfth vear. 

13. Van Wagenen, W. P.: Tuberculoma of the Brain: I. Its Incidence Among 
Intracranial Tumors and Its Surgical Aspects, Arch. Neurol. & Psychiat. 17:57 
(Jan.) 1927. 

14. Ostertag, G.: Entwickelungst6rungen des Gehirns und zur Histologie 
und Pathogenese, besonders der degenerativen Markerkrankung bei amaurotischer 
Idiotie, Arch. f. Psychiat. 75:355, 1925. 

15. Bielschowsky, M.: Zur Histopathologie und Pathogenese der amaurotischen 
Idiotie, J. f. Psychol. u. Neurol. 26:97, 1921. 

16. Schaffer, K.: Ueber die engeren Verhaltnisse der Ganglienzellschwellung 
bei der infantile-amaurotischen Idiotie, Arch. f. Psychiat. 84:491, 1928. 

17. Spatz, H.: Ueber den Eisennachweis im Gehirn besonders im Zentrum 
des extrapyramidal motorischen Systems, Ztschr. f. d. ges. Neurol. u. Psychiat. 


77: 305, 1922. 
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The unusual histopathologic feature is the enormous growth of the adventitia 
Atrophy of the brain substance was regarded by Cerletti!3 as the cause of the 
increase of adventitial cells in the brain. However, he studied chiefly the brains 
of persons with dementia paralytica, in which there is an active perivascular 
mesodermal macrophagic reaction. An increase of adventitia has not been 


observed in greatly atrophic brains without inflammation, such as those of patients 
with senile atrophy or hydrocephalus and Brodmann’s patient with juvenile 
amaurotic idiocy (weight of brain, 450 Gm.). On the other hand, near areas of 
softening and in the vicinity of the affected areas in Merzbacher-Pelizaeus’ 
disease, multiple sclerosis and diffuse sclerosis, the adventitia of the vessels has 
always been increased and infiltrated by cells. This has been true also of the 
adventitia of vessels in Congo trypanosomiasis, postvaccinal encephalitis and other 
acute inflammations of the brain. It seems, therefore, that the growth otf the 
adventitia was not due to the need of repair of the brain but took place in order 
to produce and to accommodate mesodermal macrophages. The odd shape of the 
adventitial cells in this case does not argue against their having been macrophages 
since cells of the adventitial wall are of varied morphology. The absence of fat 
in the cells shows that the wide adventitial spaces did not form because of a 
degeneration of myelin sheaths. Such spaces are not unlike the perivascular areas 
seen with the myelin sheath stain in postvaccinal encephalitis and suggest what 
might be expected in a chronic form of such a disease.!2 However, symptoms ot 
a previous encephalitis are not found in the history to explain the adventitia 
Edema of the perivascular tissue need not be considered, because of the thick 


fibrous and cellular growth. Therefore, in the absence of active destruction of 


the brain and absence of inflammation other than that suggested by tuberculomas, 
the overgrowth of adventitia must be attributed to an attempt to produce sufficient 
adventitial macrophages to absorb the blue-staining granules which had accumu- 
lated in the perivascular spaces. It may be suggested that the blue-staining 
particles are artefacts of fixation. Since they were found only in alcohol-tixed 
material, they appear to be a protein substance and not artetacts. As they were 
observed only in the meninges and the perivascular and perineural spaces, they 
must have originated in the spinal fluid. The only probable sources of such a 
substance were the tubercles which opened into the meninges and trom = which 
accumulated caseous particles could have been washed out by the spinal fluid 
However, a study of other cases of tuberculoma and of tuberculous meningitis 
revealed neither the blue-staining particles nor the overgrowth of adventitia. It 
is suggested, therefore, that an unusually poor circulation had prevented the 
absorption of the blue-staining particles. Furthermore, the dilated veins of the 
forehead appear to offer proot of such a cerebral circulatory disturbance. Also 
the skeletal maltormations and the bony growths of the skull must have intertered 
with the course and rate of blood flow. Although specitic endocrine deficiency) 
could not be proved, the clinical history is suggestive of polyglandular disturbances 
which might also affect the circulation. 
18. Cerletti, U.: Die Getassvermehrung im Zentralnervensystem, in Nissl and 
Alzheimer: Histologie und Histopathologie, Jena, Gustav Fischer, 1910. 

19. This similarity is well illustrated in figure 6, where the adventitial fibers 
connecting the vessels can be clearly tollowed even when the lumens of the vessels 


are not apparent. In figure 7, the perivascular areas resemble also those seen 


with the myelin sheath stain 
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The relation of amaurotic idiocy to skeletal changes has been considered by 
Zierl.2° One of his cases was that of a boy, aged 19, who came from a family 
of idiots and had been an idiot since birth. A large head developed during the 
first week of life and deafness during the third year. Leontiasis was later a 
marked feature, while bony tumors at the base ot the skull were found at 
autopsy. The latter were diagnosed osteitis fibrosa on microscopic examination, 
Lipoid was found in many ganglion cells of the cortex, some of which were 
balloon-shaped. A second case was that of a girl, aged 23, who was apparently 
normal up to 2 years, when a fall on the head was tollowed by idiocy. At 18, 
spontaneous fractures occurred in the arms and legs. These healed in pseud- 
arthrosis which bent the arms and legs on the body in a somewhat fetal position. 
Microscopic sections of the ribs showed some changes suggestive of osteitis fibrosa, 
Fewer ganglion cells containing lipoid were present in this case than in the first. 

Zierl believes that the bony changes in my case were those of healed osteitis 
fibrosa, and that all three cases probably showed, therefore, a disturbed metabolism 
of calcium from which amaurotic idiocy might have developed. However, in his 
two cases, idiocy was present before the skeletal changes; blindness never 
developed, and the lipoid change of the ganglion cells was not universal as is 
typical of amaurotic idiocy. Zierl’s case resembles mine, therefore, only in regard 
to the problem as to whether the lipoid content of the ganglion cells was a 
terminal event dependent on previous skeletal changes or whether both occurred 
at the same time. All three cases suggest, however, that the skeletal changes 
ceased so long before death as to have had no effect on the ganglion cells. The 
explanation of the lipoid content of the ganglion cells in relation to the bony 
structures seems to be rather that a circulatory disturbance due to the skeletal 
malformations slowed the circulation sufficiently to permit the accumulation of 
metabolic products. 

The growth of xanthomas in bones with osteitis fibrosa is likewise cited by 
Zierl as affording a possible comparison with the lipoid-containing ganglion cells. 


A nearer comparison is found in the case of a child described by Herzenberg ° 


in which xanthomas were present in the skull, while fat was observed in the 
ganglion cells of the cortex and in the endothelium of the capillaries. However, 
the child had none of the symptoms of amaurotic idiocy, although the first 
diagnosis was that of skeletal Niemann-Pick’s disease. It is difficult to explain 
the fat in the ganglion cells in Herzenberg’s case, since in the late forms of 
generalized xanthomas described by Chiari 22 and Davison,?* lipoid was observed 
only in areas ot demyelinization in the white substance. Davison 2" considered 
that xanthomatosis is a disturbance of lipoid metabolism resembling Gaucher's 


20. Zierl, F.: Ueber Skelettveranderungen bei der juvenilen Form = der 


amaurotischen Idiotie, Ztschr. f. d. ges. Neurol. u. Psychiat. 131:400, 1931. 
21. Herzenberg, H.: Die Skelettform der Niemann-Pickschen Krankheit, 


Virchows Arch. f. path. Anat. 269:614, 1928. 


22. Chiari, H.: Ueber Veranderungen im Zentralnervensystem bei generalisier- 


ter Xanthomatose vom Typus Schuller-Christian, Virchows Arch. f. path. Anat 
288:527, 1933. 

23. Davison, C.: Xanthomatosis and the Central Nervous System (Schuller- 
Christian Syndrome), Arch. Neurol. & Psychiat. 30:75 (July) 1933 
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disease, Niemann-Pick’s disease and possibly amaurotic idiocy. Ceelen,24 on the 
other hand, believed that xanthomatosis is not a disturbance of fat metabolism 
but is of inflammatory origin, because of the tendency to necrosis, softening and 
scar formation. The large growth in the cerebellum in the case reported by 
Chiari appears to have resembled a tumor or an inflammatory mass. Such forma- 
tions do not suggest the disturbed metabolism of fat which apparently occurs 
in amaurotic idiocy. 
SUMMARY 

There has been described a case of juvenile amaurotic idiocy in a child, aged 7. 
Early bony changes in the skull and vertebrae, a distended abdomen, deafness, 
dulness of expression and an enlarged liver and spleen suggested a diagnosis of 
rachitis florida and imbecility at the age of 28 months. Later, because of some 
signs of thyroid deficiency, the diagnosis was changed to that of cretinism. 
Multiple skeletal deformities were then found and the case was considered one 
of skeletal malformations and mental retardation due to deafness. During the 
last year of the child’s life tuberculosis of the forearm and hand occurred, 
together with headaches, vomiting, inability to stand or walk, gradual loss of 
vision and, two months before death, mental deterioration. Tuberculomas of the 
cerebellum and of the parietal and frontal lobes were found at autopsy. Micro- 


scopic examination of the brain revealed the characteristic changes of juvenile 


amaurotic idiocy. An unusual overgrowth of the adventitia around the blood 
vessels of the hemispheres and a fine granular substance in the meninges, the 
perineural spaces and the perivascular spaces were also observed. The microscopi 
and clinical findings are discussed in relation to tuberculoma and to a_ possible 


circulatory disturbance resulting trom the skeletal changes. 


Notr.—As the present case was not considered to be one of osseous dystrophy, 
the similar cases of Morquio,7> Meyer and Brennemann,?® Barnett and 
Ruggles -> have been overlooked. Davis and Currier 7° have described two cases 


of osseous dystrophy which almost duplicate the history, appearance and physica! 
findings in my case. That amaurotic idiocy may be expected to terminate this 
syndrome of disturbed calcium metabolism is suggested by the imbecility of one 
of Morquio’s patients and that in the family of patients of Davis and Currier. Thi 
name given this syndrome, “Morquio’s disease,” 1s unfortunately a misnomer, since 
Hurler.*" from the clinic of von Pfaundler, described my case while the child was 
still living and also the case of a boy who was somewhat similarly affected 


24. Ceelen, W.: Ueber Lipoidgranulomatose, Deutsche med. Wehnschr. 59:68, 


25. Morquio, L.: Sur une forme de dystrophie osseuse familiale, Bull. Soc. d 
pediat. de Paris 27:145, 1929 

26. Meyer, H. F., and Brennemann, Joseph: A Rare Osseous Dystrophy 
(Morquio), Am. J. Dis. Child. 43:123 (Jan.) 1932. 

27. Barnett, E. J.:  Morquio’s Disease: Presentation of Two Cases, J. Pediat 
2:651, 1933. 

28. Ruggles, H. E.: Dwarfism Due to Disordered Epiphyseal Development, 


Am, J. Roentgenol. 25:91, 1931. 

29. Davis, D. B., and Currier, F. P.: Morquio’s Disease, J. A. M. A. 102: 
2173 (June 30) 1934. 

30. Hurler, G.: Ueber die Typenmultipler Abartungen vorwiegend am Skelett- 
system, Ztschr. f. Kinderh. 24:85, 1919. 
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ROENTGEN THERAPY Of! ITUITARY TUMORS. CLARENCE C. HARE and 

CorNELIus G. Dyke, Arch. Ophth. 10:202 (Aug.) 1933. 

In this paper, Hare and Dyke discuss their experience with roentgen treatment 
in twenty cases of pituitary tumor. Gramegna, in 1907, first reported roentgen 
therapy for pituitary tumor in an acromegalic patient. Apparently, the patient 
was only temporarily benefited. Some time later, Béclére reported the case of 
a patient who remained in perfect health for at least thirteen vears after roentgen 
treatment. In 1925, Dott, Bailey and Cushing recommended that, unless the patient 
was in immediate danger of losing vision, roentgen therapy should be tried and 
the patient's progress should be carefully controlled by perimetric examinations. 
According to Heinismann and Czerny, the tumors found in acromegalic patients 
responded better to roentgen therapy than those of the adiposogenital type. In 
1928, Nemenow and Jugenburg, basing their experience on twenty-nine cases, 
recommended a combination of roentgen and radium therapy in resistant cases, 
or when a rapid etfect was desired. Further, in some of their patients, endocrine 
symptoms referable to dyspituitarism were relieved by combined irradiation of the 
pituitary gland and of the other glands of internal secretion. Spalitzer reported 
that the cystic adenomas were resistant to roentgen rays, and that as little benefit 
was to be expected when adiposogenital symptoms were present. In 1930, Towne 
stated that adenomas of the pituitary gland are alone amenable to roentgen therapy. 
Further, he recommended that treatment should be temporarily or permanently 
discontinued as soon as improvement had occurred, for he believed that in one 
patient too prolonged treatment resulted in cystic degeneration of the tumor. In 
1930, Frazier expressed the belief that good results occurred only in exceptional 
ases, and that the condition of the optic disks and the rapidity of failure of 
vision should determine whether roentgen therapy or surgical intervention should 
he employed. In his experience other patients treated by irradiation received only 
temporary benefit. Pfahler and Spackman reported that three of six patients 
treated by them were greatly improved. They advocated a trial of roentgen therapy 
for six weeks. In Cushing’s recent textbook, “Intracranial Tumors,” he stated 
that the treatment of tumors of the pituitary gland by irradiation will be discarded 
as soon as neurosurgeons perfect themselves in the details of operative procedure. 
He thought that chromophil adenomas were more susceptible to irradiation than 
hromophobe adenomas. 

From this partial review of the literature, the authors draw a logical conclusion 
that irradiation may be tried as a first method in the treatment for adenomas of 
the pituitary gland, that the progress must be carefully and frequently controlled 
by examination and that, if vision continues to decrease, surgical intervention is 
indicated. 

The paper is well illustrated with the fields of the patients, and in many instances 
with roentgenograms illustrating individual cases. A rather large table, not 
ncluded here, analyzes in detail the visual acuity, the visual fields, the accompany- 
ing oculomotor palsies and the results observed after irradiation. 

The authors’ conclusions are that: In fifteen patients the general symptoms 
were relieved, and in five there was marked improvement in the visual fields as 
vell as in vision. Five of the twenty patients showed a further diminution of 
vision after roentgen therapy, and two of these were later operated on. Ten of 
the patients were under observation for from one to four years. In one patient 
the visual fields and vision became normal, and in two the vision and visual fields 
showed great improvement. In one of ten patients who were under observation 
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for one year or less, vision was greatly improved, and in nine it either remained 
unchanged or was only slightly improved. The authors’ best results were obtained 
in patients whose visual disturbances were of relatively short duration. Further, 
although satisfactory results may often be obtained with roentgen treatment, the 
percentage of patients whose vision was restored was less than that of those 


TABLE 1.—Results of Roentgen Therapy in Twenty Patients with Adenomas 


Average Time of 
Number of Observation in 
Group 


Patients Months 

1 Vision returned to normal and general symptoms relieved... 1 21 
2 Vision markedly improved and general symptoms relieved... 4 12 
Vision unchanged and general symptoms relieved.......... 7 
4 Vision unchanged and general symptoms unrelieved......... 2 9 
5 Vision unchanged and general symptoms more marked 

(vision normal before ) 
6 Vision diminished and general symptoms relieved.. Sey 31 
7 Vision diminished and general symptoms more marked 2 15 


TABLE 2.—Operative Results and Operative Mortality from Adenomas 
of the Pituitary Gland 


Transfrontal Transsphenoidal 


Results Approach Approach 
Restoration of vision to normal, percentage.................... 21 ) 
Considerable or marked improvement in vision, percentage.... 42 37 


Present-day operative mortality, percentage 


TABLE 3.—Results of Roentgen Therapy in Ten Patients with Tumors of the 
Pituitary Gland Observed for More than One Year 


Results Percentage 
Considerable or marked improvement in vision.. 20 
Vision unimproved and unchanged.............. 41) 
Vision decreased (operation refused)............... ay we 30 


operated on. The necessity for repeated examinations of vision and visual fields, 
if roentgen therapy is to be utilized is emphasized; if vision continues to fail, 
surgical intervention should be undertaken immediately. The authors believe that 
in a considerable number of cases of adenomas of the pituitary gland, marked 
improvement occurs in both visual disturbances and general symptoms following 
carefully given roentgen treatment, therefore roentgen treatment should be tried 


before surgical measures are decided on. SPAETH, Philadelphia. 


MIGRAINE. PETER Bassoe, J. A. M. A. 101:599 (Aug. 19) 1933. 


The author assembled the available data concerning 270 patients seen in private 
practice. He made the following clinical observations: The headache was 
unilateral in 56 cases. Ocular symptoms included scintillating scotoma in 16 cases, 
blurring or “cloud before the eyes” in 10, pain in the eyes in 7, swelling in 3, 
transient hemianopia in 3, transient diplopia in 2, iritis in 2 and marked lacrimation 
in 2, Convulsions occurred in 8 patients, unconsciousness without convulsion in 1 
and fainting in 2. Vascular disorders were manifested by hypertension in 15 cases, 
hypotension in 3, cerebral hemorrhage in 4, meningeal hemorrhage in 4 and 
paroxysmal tachycardia in 2. Vertigo was a prominent part of the attacks in 13 


Ax 
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cases. Attacks of edema were recorded in 4 cases, urticaria in 6, asthma and hay 
fever in only 1. Twenty-five patients complained of being “always tired” or having 
had “nervous prostration.” Transient aphasic symptoms, amnesia or confusion 
existed in 5 cases. Hyperthyroidism existed in 8 cases, hypothyroidism in 2. There 
is essential agreement on three points: the great frequency of migraine in parents 
and offspring, the onset in early life and the greater prevalence in women. The 
clinical types are many, run more or less together and depend mainly on the 
character and distribution of the three cardinal symptoms, headache, nausea and 
ocular disturbances, and on the presence of sundry superadded features emphasized 
differently according to the observer’s point of view. Statistics show only a small 
percentage of cases of epilepsy in the ancestors of these patients but a large pro- 
portion of migraine in the ancestors of epileptic patients. The author subscribes 
to the statement by Phillips that migraine to some extent predisposes to. vascular 
lesions in the brain, both thrombotic and hemorrhagic. Thus, when after years of 
intermittent hemianopia in the attacks permanent hemianopia develops, it is reason- 
able to suppose that thrombosis has taken place. There are 2 cases of paroxysmal 
tachycardia in the series, 1 in a woman, seen at 48, whose mother had migraine and 
who had suffered from sick headaches from early youth. Whatever background 
endocrine disorders may offer, it is reasonable to suppose that the sympathetic 
nervous system is directly concerned in the production of the main symptoms of 
migraine. This is rendered more plausible by the recent demonstration of nerve 
fibers in cerebral vessels by Penfield, Hassin and others. Either vascular spasm 
with ischemia or vasodilatation with hyperemia will explain unilateral headache, 
scotomas, vertigo, transient numbness, aphasia, paralysis and convulsions. Con- 
siderable theoretical and practical interest attaches to the pressure condition of the 
fluid in migraine. Like convulsions, so paroxysms of abdominal pain may be 
substituted for those of headache. One of the similarities of epilepsy and migraine 
is that the usual attack may be replaced by some happening in the mental sphere, 
in both cases most frequently in the form of a “twilight state.’ While “ophthalmic” 
or “ocular” migraine with its scotomas and other sensory phenomena of the eye is 
one of the commonest types, the author hesitates to include cases in which paralysis 
of ocular muscles occurs. Among chronic ailments, migraine ranks high as a cause 
of loss of time and of broken engagements for work or pleasure. On the other 
hand, it does not figure as a cause of death. Unless one is unreasonably exacting 
in the diagnostic criteria, it is about the commonest “disease” of civilized peopies. 
Most of the patients would be reasonably comfortable if they could and would 
correct obviously erroneous modes of living and undesirable environmental factors. 
The author has seen almost complete relief obtained by stopping overeating or 
excessive water drinking, by drinking a glass of cream between meals in the case 
of persons working long hours, and by the institution of regular and abundant out- 
door exercise, the regulation of the diet along various lines and the overcoming 
of constipation. The constitutional lability of the victims enhances the importance 
of factors that would not disturb normal persons. Importance therefore attaches 
to small errors of refraction and to even minor evidences of allergy or of endocrine 
disorders. In the so-called bilious and abdominal types, the gastro-intestinal tract 
should receive scrupulous attention. There are many drugs which, given regularly 
for months or years, have done well in a small proportion of cases and failed in 
a larger proportion. Bromides, phenobarbital, calcium salts and cannabis deserve 
particular mention. Three operative methods have been suggested as a last resort 
in severe cases of migraine: subtemporal decompression, operations on the sympa- 


thetic, and ligation of the middle meningeal artery. Eprror’s ABSTRACT 


THe Psycuo-MEDICAL CORRECTION OF THE DruG Hapsit. J. B. MINER, J. 
Abnorm. & Social Psychol. 28:119 (July-Sept.) 1933. 
Miner attempts to discover personal characteristics, knowledge of which would 


justify an attempt to withdraw a drug with fair promise that the addict would 
not resume the habit. McDougall’s hypothesis is made the basis for the research. 
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According to this hypothesis, morphine and its sister alkaloids exert opposite 
effects to those of alcohol and allied drugs. The opium products seem to push the 
subject toward the introvert end of the personality scale, in which fantasies are 
substituted for reality. Alcohol, the natural antagonist of alkaloid drugs, gives 
the effect of extroversion. “Extreme extroversion is intoxication.” McDougall 
thus placed the introversion and extroversion scale on a biochemical basis, which 
he believed to be constitutional. 

Miner employs the Bernreuter personality inventory to ascertain the individual 
ratings of the addicts studied. The Bernreuter test was employed because it 
combined Laird’s introversion test, Thurstone’s neurotic inventory, Allport’s 
ascendance-submission reaction study and Bernreuter’s self-sufficiency test. 

Three patients were studied who seemed typically to have demonstrated a desire 
and ability to abstain from morphine. Two patients who were of the opposite 
type and pronounced habitués were used in contrast. Of the three nonaddiction 
types, one was a physician who began to take morphine during the stress of a 
war responsibility; later he entered a state hospital as a patient to be cured of 
the habit; although he lapsed briefly a few times, he rose in nine years to head 
the staff of physicians at the hospital. The second patient continued the drug after 
an operation when it had been given to relieve pain; since the drug was with- 
drawn two years ago he has refrained from its use and has served as the head 
of a local lodge of a fraternal organization. The third was a woman who was 
given morphine to relieve pain after an operation; she used the drug continuously 
for five years but when it was withdrawn by Modinos’ blister serum method two 
years ago she resumed fully her duties in the home and in the family restaurant. 
On the Bernreuter scale these three patients show, in the order in which the cases 
are cited, that they are extroverted as much as or more than 92, 96 and 97 per cent 
of adults, respectively. 

Only two patients were found to illustrate the addict who has little desire to 
refrain from the use of morphine. They include a man, in the fourth decade of 
life, a draftsman and inventor, who had been an addict for twenty-five years; he 
admitted that he was unwilling to give up the drug and when taken off a year ago, 
with a position provided for him, purchased morphine with the first 10 dollars 
given to him with which to buy a hat and shoes. The second is an aristocratic 
man, aged 59, who had been an addict for thirty-five years, having taken as much 
as 50 grains (3.25 Gm.) a day; he frankly stated that no former addict would do 
without the drug if he could afford it; he had squandered over $40,000 on his 
addiction. On the Bernreuter scale these two men are as much as or more intro- 
verted, respectively, than 85 and 70 per cent of adults. Since introversion is highly 
correlated with the “neurotic constitution” on the Bernreuter scale, the following 
translations may be made: The two introverts are at the 73 and 81 percentiles 
of instability, while the three extroverts are stable at the 15, 2 and 9 percentiles. 
Miner is aware that these five available cases appear strikingly to illustrate 
McDougall’s hypothesis. They suggest the connection of the morphine habit with 
the neurotic tendency and with the scale of extroversion-introversion. Moreover, 
they indicate that the Bernreuter personality inventory may be useful in clinical 


technic. Wisk, Howard, R. I. 


HypropHosiA: Report OF Two Cases witH PATHOLOGIC STUDIES IN 
One. Davin REtsMAN, W. W. Fox, B. J. ALPERS and Davip A. Cooper, 
Arch. Int. Med. 51:643 (May) 1933. 


In February, 1931, a dog bit a man, his wife and several neighbors. The 
latter all received Pasteur treatment; the man refused it, and rabies did not seem 
to develop. The wife, aged 22, reported to a hospital immediately after being 
bitten; the wounds (on the wrist) were treated with nitric acid, iodine and alcohol. 
She showed no effects of the bite for eight weeks. On April 3, she complained 
of pain in the arm and back, tightness in the chest and dysphagia. In a few days 
there developed attacks of screaming and gasping for breath. In the hospital, on 
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April 5, she appeared frightened, refused to drink water, and would scream, and 
void involuntarily. Physical examination gave negative results except for very 
wide, almost fixed, pupils. On the evening of admission she became cyanotic, 
had fever and lay awake, muttering and apparently irrational. After a few hours 
in this state she died. Permission tor autopsy was refused, and the diagnosis of 
hydrophobia rests on the history and symptoms. 

The second case was that of a boy, aged 14, who had been bitten on the ear 
and cheek by a stray dog twenty-five days before admission. The animal could 
not be found. The wound had been cauterized with phenol almost immediately 
after the accident, and a full course of Pasteur treatment had been instituted and 
completed prior to admission. The complaints on admission were fever, irritability, 
salivation and paresthesias in the cheek and ear. In the hospital the patient had 
repeated convulsions and died in one, six hours after admission. 

At autopsy, all organs except the brain and spinal cord were normal or almost 
so. The entire central nervous system was edematous and cyanotic. The changes 
were marked by inflammation at the base of the brain and in the spinal cord, and 
degeneration in the cortex. Inflammatory reaction was marked at the colliculi, 
red nucleus, substantia nigra, periaqueductal gray matter, bulbar nuclei, reticular 
substance (in the medulla), and the gray matter of the spinal cord. In the white 
matter, only mild infiltrative changes were noted. Wherever exudate was found, 
perivascular infiltration was marked. The exudate consisted of lymphocytes and 
mononuclears, with an occasional plasma cell. 

In the cortex, cellular degeneration was widespread. The processes were 
tortuous and enlarged, the nuclear membrane was absent and the nucleus was 
homogeneous. No Negri bodies were found, but an emulsion of brain tissue was 
made and injected into rabbits. Clinical rabies developed, and at autopsy their 
brains revealed typical Negri bodies. 

Attention is drawn to the separation of the two pathogenic processes: degenera- 
tion (in the cortex) and inflammation (at the base). Hydrophobia is properly 
classifiable as a member of the group of encephalitides, which includes poliomyelitis, 
encephalitis, Borna disease (in horses), distemper (in dogs) and plaque (in 
chickens). 

Clinically, the cases serve to stress the necessity of thorough cauterization of 
dog bite wounds, the superiority of fuming nitric acid over phenol and other 
agents, the importance of intensive Pasteur treatment when the wound is around 
the face or head and the uncertainty and irregularity ot the incubation period. 
The Pasteur treatment may be given without much fear of paralysis; this is a 
very rare complication; even when it does develop, recovery is the rule. 

Davipson, Newark, N. J. 


PsyCHOGENIC FACTORS AND PSYCHOTHERAPY IN HYPERTHYREOSIS AND RAPID 
HEART IMBALANCE. BELA MITTELMANN, J. Nerv. & Ment. Dis. 77:465 
(May) 1933. 

Mittelmann attempts to determine the precipitating cause and psychopathologic 
background of exophthalmic goiter and to evaluate psychotherapy in these cases. 
He uses the term hyperthyreosis to indicate conditions associated with elevation ot 
the basal metabolic rate for which no other explanation can be tound. He first 
reviews the literature, and describes Moskowitz’ conclusion that the patients are 
of a sensitive type who react excessively to all forms of psychic trauma and in 
most of whom the syndrome develops after much trauma. Similar conclusions were 
given by Deutsch. 

One hundred unselected patients with symptoms of hyperthyroidism or 
autonomic imbalance formed the group studied. The first symptoms are usually: 
irritability, excessive perspiration, tremor and sensitiveness to heat, followed by 
loss of weight; goiter and exophthalmos usually come later. A latency period 
after the precipitating trying experience seldom exists. Signs of emotional reactions 
were noted during the interview. Additional interviews with relatives are 
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important. Better contact with the patient is usually found during the less toxic 
stages. No patient should be dismissed as being free from an abnormal psycho- 
logic background until all methods of examination have been exhausted. 

Patients tend to fall into four groups: (1) Those with a balanced personality. 
They show no classic psychopathologic signs save increased psychomotor activity 
and irritability following the onset of exophthalmic goiter. This class, how- 
ever, is not necessarily free from psychic traumas. (2) Patients with a neurotic 
character. The emotional maladjustment is obvious in the behavior. 3. Patients 
with psychoneurosis, who present the classic signs of conversion hysteria, anxiety 
hysteria, hysterical states and similar conditions. (4) Patients with psychosis. 
The psychoses were seldom manifested before the onset of the exophthalmic goiter. 

Of the sixty cases with ‘hyperthyreosis, forty-nine were “positive,” five 
“probable” and six “negative.” An exaggerated moral attitude, severe hysteria 
since childhood, repudiation by father-substitute, overdependence on. parental pro- 
tection, death of parents, overzealous parents and mistreatment by parents with 
resultant hatred are some of the predisposing factors elicted. In the five negative 
cases two patients were morons with inaccessible stupid families; the other three 
belong to the group of balanced personalities. 

After obtaining a good transference, treatment consists in giving the patient 
as much insight as possible into his emotional life and hence a better integration 
of the personality. Cooperation of the family is important and often determines 
the management of the case. Some patients received medical treatment combined 
with psychotherapy. Phenobarbital and quinine hydrobromide were sometimes 
prescribed, but no iodine. Some patients prefer to suffer from psychoneurotic and 
vegetative symptoms rather than to face actual difficulties, and hence often refuse 
psychotherapy. 

The author stresses the importance of a close relationship in time between the 
trauma and the onset of the first symptoms; this is hardly ever longer than a 
week or two. He concludes that with psychoanalysis more specific infantile 
difficulties will be found. None of the analyses in the literature have revealed 


anything specific, but the reports are few. Hart, Greenwich. Conn 


SPONTANEOUS SUBARACHNOID HAEMORRHAGE. HAROLD Cookson, Brit. M. J. 

1:555 (April 1) 1933. 

Spontaneous subarachnoid hemorrhages occur most frequently from vessels lying 
at the base of the brain. Arteriosclerosis is probably a common cause of this 
type of hemorrhage at or past middle life. In young adults, deficiency of the 
media has been found in the arteries at the base of the brain. Syphilitic arteritis, 
leading to necrosis, may in some cases end in hemorrhage. Weakening of the 
arterial wall by an embolus in infective endocarditis may occasionally result in 
rupture. Other known causes are: cerebral angioma, blood diseases, acute hemor- 
rhagic infections, sunstroke, eclampsia, hemorrhage from tumors and cysts and 
thrombosis of the superior longitudinal sinus. 

The clinical picture shows wide variations. In severe cases there is a sudden 
loss of consciousness and such compression of the brain that death supervenes within 
a few hours. In the mildest cases there are headache, vomiting and some 
pyrexia, followed by gradual recovery. In the most benign form there is a slow 
onset of. headache, pain in the neck, vomiting, photophobia and pain behind the 
eyes, pyrexia and more or less mental change. There are signs of meningeal 
irritation and sometimes papilledema and fundal hemorrhages. Healing may occur, 
but recovery is likely to be only temporary. In the series discussed there were 
two examples of a slow leak followed by recovery. In most cases examination 
of the cerebrospinal fluid will establish the diagnosis. There are three diagnostic 
criteria: uniform admixture with blood, failure to clot on standing and coloration 
of the fluid remaining when the red cells have sunk to the bottom of the tube. 
Albuminuria tends to appear in any condition which is accompanied by coma. 
Attention has been called to the exceptionally large quantity of albumin which the 
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urine may contain in subarachnoid hemorrhage. Of the eight cases here recorded 
the urine was examined in six. There was never a large quantity of albumin; 
in five there was a slight or moderate amount, and this was present only for a 
short time. In this series none of the urinary specimens were examined during 
coma. Mental changes were almost invariably present when the conditions were 
of such severity that coma occurred. Irritability, confusion and disorientation in 
time and space are common, and even the syndrome of Korsakoff’s psychosis 
is observed. Three phenomena have been described in the fundus of the eye, 
namely: papilledema, retinal hemorrhages and vitreous hemorrhages. In this series 
changes in the fundus were noted in 4. 

As for treatment, unnecessary movement or effort on the part of the patient 
is to be avoided. Opinions have differed as to the advisability of reducing the 
cranial pressure, since lowering the pressure has been considered by some as con- 
ducive to further hemorrhage. In Cookson’s opinion, the risk of aggravating 
the hemorrhage is outweighed by that of fatal compression. Spinal drainage is 
the most effective means of lowering intracranial pressure. Another method may 
be the introduction of magnesium sulphate, orally or rectally. Substances that 
promote clotting may be given intravenously. 

Fercuson, Niagara Falls, N. Y. 


PosITIVE SCOTOMA AND VISUAL HALLUCINATIONS IN DELIRIUM TREMENS. 
F. Moret, Rev. d’oto-neuro-opht. 11:81 (Feb.) 1933. 


In all cases of delirium tremens a positive scotoma has been observed in each 
eye separately. The scotoma is not absolutely opaque but has the aspect of a 
powdery substance of fixed contour; it is of a somber color, slightly elliptic 
in shape, is always located centrally and always appears at the point of fixation 
after a short latent interval; its size varies with its distance from the eye. 
Binocular vision causes a fusion of the scotomas, although sometimes it may 
suppress them. Positive scotomas may exist without visual hallucinations, but the 
reverse is not true. 

Sharp distinction is made between oneirism and visual hallucinations; the latter 
occur only by day or in a lighted visual field and with the eyes open. Visual 
hallucinations have many points of resemblance to positive scotomas; they are seen 
at the point of fixation and move only with displacement of the gaze; their dimen- 
sions vary with the distance at which they appear and their size increases with 
the distance. Displacements of the hallucinations along the visual axis occur, 
as if the imaginary animal suddenly approached the eye; but the animal grows 
smaller, not larger, the nearer it seems to come and it seems to be transformed 
into a projectile, only to reappear when fixation is again made. Lateral dis- 
placements of visual hallucinations occur only when the scotomas are slightly 
paracentral and are not strictly symmetrical in each eye; or else, the lateral 
displacement is due to change of gaze. The animal in moving does not seem to 
walk but glides and in retracing its course goes backward. Jerky movements, side- 
ward leaps, doubling and repetition of the hallucinations are the result of motor 
disorders of the extrinsic and intrinsic musculature of the eyes. Positive scotomas 
are observed during repose and fixation of the eyes and are denominated by the 
patient as a spot, cloud or fog, while visual hallucinations occur during extreme 
agitation, and the aspect of the scotoma calls up the image of small animals, 
medallions, portraits, heads, coins, threads or water. Positive scotomas that do 
not cause hallucinations are not seen by the patient unless they are looked for by 
monocular procedure, are often accompanied by a diminution of visual acuity and 
are met with in chronic alcoholism of the Korsakoff type. On the other hand, 
scotomas of the acute crises of delirium tremens are compatible with conserved 
visual acuity and are not accompanied by negative central scotomas, but have their 
distribution in the macular field, and the visual fields for white and colors are 
contracted. These facts suggest that it is a matter of the bilateral retrobulbar 
fixation of the toxin. Recently Professor Weekers has stated that, in cerain kinds 
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of retrobulbar neuritis, it is possible to make a positive scotoma appear. Retro- 
bulbar neuritis from alcohol-nicotine intoxication is the only one that always 
presents positive scotoma. The only difference between these scotomas and those 
of delirium tremens is that the former have a longer duration, are associated with 
negative scotomas and are much more feeble, not appearing unless looked for 
under special conditions, and then quickly fade. 


Dennis, Colorado Springs, Colo. 


ANATOMIC AND PHYSIOLOGIC RELATIONSHIP BETWEEN THE HYPOTHALAMUS 
AND THE Hypopnuysis. G. Roussy and M. Mosincer, Ann. de méd. 33: 
301, 1933. 


Bundles of nerve fibers traversing the infundibulum can be seen in 
3ielschowsky preparations; these fibers seem to originate in the supra-optic nuclei 
and in the nuclei of the tuber cinereum proper. The axons arising from the latter 
are finer and are situated posteriorly to the former. It seems that the fibers 
arising from the paraventricular nucleus do not all enter the infundibulum, but 
that most of them end in the form of pericellular fibrillary baskets in the supra- 
optic nuclei. From the supra-optic nuclei two fascicles originate, one which enters 
the infundibulum, and a second which takes the opposite course toward the mesen- 
cephalon. The entity of the fibers traversing the infundibulum and entering the 
posterior lobe of the hypophysis is called the hypothalamo-hypophyseal fasciculus 
(“faisceau hypothalamo-hypophysaire”). It gives off a branch to the pars 
tuberalis of the hypophysis and enters with fine fibers the pars intermedia, where 
pericellular and intracellular endings may be observed. 

It seems that the nuclei of the tuber cinereum not only stimulate the pars 
nervosa of the hypophysis, but at the same time regulate the vegetative functions 
of the liver, the intestine, etc. This is indicated by two facts: a lesion of these 
nuclei is followed by atrophy of the pars nervosa hypophysis, with pathologic 
functions of different endocrine glands and by functional disturbances of the liver 
and other abdominal glands. 

There are three ways in which the hypophyseal hormones may be eliminated: 
blood-vessels, the third ventricle and posterior lobe. The intravascular excretion 
(“hémocrinie”) can be demonstrated histologically by the presence of colloid within 
the capillaries of the anterior lobe and the observation of glandular cells which 
are dissolved within the capillaries. The hormones which enter the general circula- 
tion may stimulate directly peripheral tissues without the interaction of nerve 
centers, e. g., the follicle-ripening hormone of the anterior pituitary body. The 
hyperglycemic factor is effective after destruction of the tuber cinereum, though the 
possibility exists that it may act on other cerebral centers, on peripheral ganglia 
or nerve endings. Other hormones, like the one influencing the thyroid or the fat 
metabolism, are dependent on an intact tuber cinereum. 

The direct action of anterior lobe hormones on the pars nervosa can be 
demonstrated by the presence of glandular cells in the anterior lobe, which 
emigrated and disintegrated in perivascular spaces. From here the hormones are 
carried along the perivascular lymphatics of the infundibulum toward the subendy- 
mal tissue of the third ventricle. Finally, a direct excretion of colloid into the third 
ventricle via the infundibulum has been described by different authors. 


WEIL, Chicago. 


THE MENTAL ASPECTS OF BRAIN TuMOR. GERALD R. JAMIESON and GEORGE 

W. Henry, J. Nerv. & Ment. Dis. 78:333 (Oct.) 1933. 

Some authors have estimated that from 40 to 75 per cent of cases of tumor 
of the brain show mental disorders, while others have claimed that mental symp- 
toms occur in practically all cases of tumor of the brain. There is no psychosis 
peculiar to tumor of the brain, and the variety of mental symptoms is often 
dependent not only on the personality of the patient but also on age and the 
previous state of health. Jamieson and Henry studied twenty-six cases, selected 
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on the basis of a complete postmortem examination. All but two were observed 
in state hospitals; all the patients were psychotic, but in about one third of 
the cases there was no indication of tumor of the brain on admission to the 
hospital. In seven of the twenty-six cases the psychosis was well established 
for years before there was any indication of tumor. In 70 per cent of these 
cases a diagnosis of tumor of the brain was not made until after death. Charac- 
teristic of many of these patients was a tendency for them to interrupt the 
psychotic behavior to make known that they were not feeling well. The com- 
plaints were of headache or vague distress, which was not associated as a rule with 
psychotic trends. Changing contrasts and incongruities in the symptoms and 
signs seemed to be generally characteristic. 

Periods of blind, impulsive excitement, frenzy and violence, with unaccountable 
irritability, were often followed by periods of generalized retardation or mental 
dulness; somnolence or stupor, carelessness in personal appearance, incontinence 
and increasing apathy developed with the condition. The patients’ verbal expres- 
sion was consistent with other forms of psychomotor activity. Muteness and 
incapacity to express thoughts were frequent. The mood of the patient was 
usually consistent with the seriousness of the illness and the degree of suffering. 
More than half the patients were depressed, and even more were apprehensive. 
Euphoria was uncommon. One fourth of the patients were suicidal. Disorienta- 
tion or confusion was common, especially with involvement of the frontal, parietal 
or temporal lobe. The confusion fluctuated apparently with the degree of increased 
intracranial pressure. The more complex intellectual processes suffered first, 
and there were times when memory and retention were about lost. Recent loss 
of memory and fabricated answers were common. One fourth of the patients 
had insight into the fact that a serious complication had arisen in the illness. 
Their own spontaneous complaints might have aroused the curiosity of the 
physician and furnished clues as to the nature of the complicating disease. Some 
of these warning signs extended over a period of a few months to several years. 

Jamieson and Henry are in agreement with the conclusions of Baruk, who 
made a similar study of forty-one cases of brain tumor verified anatomically. 


Hart, Greenwich, Conn. 


PuysroLocic INTBRPRETATION OF HysTERIA. J. PAviov, Encéphale 28:285 
(April) 1933. 

Today the activity of the cerebral hemispheres appears to be regulated according 
to the fundamental laws: irradiation and concentration of the processes of excita- 
tion and inhibition and of reciprocal induction. These laws are fully discussed 
elsewhere; here Pavlov describes a particular form or phenomenon which occurs 
when excitation goes beyond a certain limit of the working capacity of the cerebral 
cells. This “transliminary” value, of course, changes from time to time, under 
varying conditions. It is lowered in states of exhaustion, hypnosis, illness and 
old age, and thus transliminary excitants will be larger in these conditions. Experi- 
ments indicate that it is the extension of this inhibition that forms the different 
grades of the hypnotic state, up to and including sleep. There is evidence that 
two types of sleep exist, active and passive. The first type has its starting point 
within the hemispheres and consists of radiations of active inhibitory processes 
into the subcortical regions. The second, that is, passive sleep, appears as a 
consequence of a diminution of exciting impulses that reach the cortex and nearby 
subcortical centers. These impulses in part arise from the external world and 
in part from the functioning of the interior organs via the neurovegetative centers. 

Hysteria has its explanation in the same phenomena. Pavlov summarizes his 
point of view thus: When there awakes, in a person possessing a weak cortex, 
an urge or necessity from the subcortical areas, the corresponding cortical zone is 
charged. A negative induction, or inhibition, irradiates to a varying degree, and 
this explains the absence of control, the impulsivity and the emotivity of hysterics. 
It probably also explains suggestibility and autosuggestibility. An idea or represen- 
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tation may come from either within or without, with its emotional charge. In 
normal persons this charge makes contact with other charges, so that the response 
is a resultant of all these forces. But in hysterical persons the charge induces 
an inhibition and thus blocks out the other coordinate and synthesizing processes. 
The picture is similar here to that which occurs “organically” in old age. Senile 
persons show what is commonly designated as distraction, which really is simply 
an irradiating induced inhibition. 

Finally, Pavlov presents his concepts of the hierarchy of the integrated person- 
ality. The lowest basic level is the subcortical centers—instincts, emotions, etc. 
With this there is possible only limited orientation to the environment. The 
orientation increases greatly with the development of the hemispheres (minus the 
frontal lobes). In man, with the extensive development of the frontal lobe occur 
a still greater elaboration and potentiality for conditioning. It is the coordinate- 
subordinate functioning of these levels that constitutes integrity of personality and 
ego; it is their disunified action which constitutes hysteria and other abnormal states. 


ANDERSON, Los Angeles. 


PsyCHOSES IN IDENTICAL Twins. WiLtis E. MERRIMAN, Psychiatric Quart. 
7:37 (Jan.) 1933. 


While it is generally agreed that there is a neuropathic incidence in the ante- 
cedents of psychotic, definitely greater than in the family history of normal, persons, 
the time of the fixation of this tendency with reference to fertilization has not been 
established. Instances of persons with exactly the same heredity showing a diver- 
gence in mental health suggest postconceptional, and probably postnatal, causes, 
while the development of psychoses in identical twins points to a truly hereditary 
disposition. Citations of cases of insanity in twins are often unsatisfactory, because 
it is this circumstance rather than the existence of psychosis in one twin and the 
freedom of the other which attracts attention. As a result many cases of involve- 
ment of a single twin only may have escaped notation. 

DeLee estimates that twins occur in one of eighty-seven deliveries, and identical 
twins in fifteen of 8,700 (0.17 per cent) total births. The mental and physical 
endowment of homologous (identical) twins is surprisingly similar—in most cases 
almost identical. This includes a similarity in gait, posture, voice and temperament. 
Popenoe’s studies, showing how little the different environments had affected the 
original endowment, are quoted. Merriman reviews the literature on the subject 
of psychoses in identical twins, citing cases of Franz, Parker, Siemens and Newell. 
Rosanoff’s preliminary study is mentioned, with the tentative conclusion based on 
this work that, of monozygotic twins with neuropathic or psychopathic qualities, 
the trait occurs in both partners in 86 per cent of the cases, whereas in fraternal 
twins of opposite sex this incidence is only 21 per cent. 

To this literature Merriman adds the case of Mary and Anna, married women, 
each 47 years of age, identical twins. Alike in almost every physical particular, 
these women now have dementia praecox. Anna was said to have been lively as 
a child, Mary more quiet. Anna’s psychosis followed the death of her husband 
and children; Mary's followed a series of business reverses. Anna showed mental 
changes for the first time at the age of 36, when she became depressed and over- 
religious, and thought people were talking about her. There developed a persistent 
catatonic stupor from which she still suffers. Mary showed ideas of reference 
when 45, and was admitted to the hospital with a case of paranoid dementia praecox, 
with a well developed psychosis without personality deterioration. 

There were eleven other siblings in the family, none of whom have as yet 


developed any nervous or mental disorder. Davipson, Newark, N. J 


Use or DEHYDRATION IN EpiLtepsy. GEORGE and WILLIAM A. 
LimBERGER, J. A. M. A. 101:110 (July 8) 1933. 
During the last three years, the authors have tested the effects of hydration 
and dehydration in epileptic patients. The patients were chosen from among the 
130 residents of the colony farm, an attempt being made to select only those who 
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had a reasonable amount of intelligence, so that some degree of cooperation could 
be expected. There were 18 women and 5 men in the group tested. Most of 
the patients had active epilepsy and averaged for the most part from 100 to 300 
convulsions a year. In 6 cases the fluid intake alone or, in addition, the fluid 
output was measured and recorded; in these cases no attempt was made to control 
the amount of fluid taken per day. In the remaining cases, in addition to recording 
the fluid intake and output per twenty-four hours, the patients were definitely 
instructed as to the amount of fluid allowed per twenty-four hours, whether the 
amount was high or low, and every effort was made to have these orders complied 
with. In most of the patients there was no definite relation between: the number 
of fits and the fluid intake. In some, limitation of fluid seemed to decrease the 
attacks for a month or two, but if the amount of fluid was then greatly increased, 
some still had a decrease of fits. Not infrequently, a patient receiving 2,000 cc. or 
more of fluid who was abruptly placed on a restricted intake of 750 cc. had more 
attacks than when he was on hydration. One man who had been having from 
2 to 5 attacks a month for the year before admission was given 1% grains 
(0.1 Gm.) of phenobarbital and left to his own desire regarding fluid, except to 
measure the intake. He has had no attacks for ten months; his average daily 
intake in that time has been between 2,500 and 3,000 cc. One patient became 
extremely dull on hydration, and the condition cleared up on restriction of fluid 
to 500 cc., yet when that level of fluid was maintained and the sedatives (1% grains 
of phenobarbital and 15 grains [1 Gm.] of sodium bromide in twenty-four hours) 
were withdrawn, he had a burst of seizures within two days. A woman, aged 26, 
was on a level of 558 cc. for two months and had 3 attacks; the following month 
the daily average was 651 cc. and she had 818 seizures; no change was made in 
the medication. In many cases a six months’ average of fits on low and high 
intake, compared with the preceding year’s record, during which no restriction or 
forcing of fluid occurred, showed practically no difference. The authors conclude 
that dehydration may be of service in the treatment of some epileptic patients if 


combined with other accepted forms of therapy. Eprror’s ABSTRACT 


AMAUROSIS CAUSED BY OpTocHIN. A. Koutserr, Ann. d’ocul. 170:583 (July) 
1933. 


A case of amaurosis caused by the injection of optochin was observed by 
Koutseff. On Feb. 12, 1932, he examined an infant, 14 months of age, who had 
symptoms of amblyopia. He had had pneumonia. On February 6, there had been 
extensive empyema of the chest, a depressed general condition, a high temperature, 
a slow pulse and very rapid breathing. After 640 cc. of pus was removed the 
pleural cavity was washed with a solution of chlorohydrate of optochin solution 
5:1,000. More pus was removed, and then 10 cc. of a solution of optochin, 
5: 1,000, was injected into the pleural cavity. Two days later, lavage was 
repeated, with 660 cc. of a solution of optochin, 5: 1,000. Ten cubic centimeters of 
a solution of optochin, 5: 1,000, was injected and left in the pleural cavity. Five 
days after the first lavage, symptoms of bilateral mydriasis accompanied by 
complete pupillary immobility were noted. Since the child was very ill, it was 
difficult to determine whether he was blind or not. However, blindness was 
suspected because he did not extend his arms when fruit or chocolate was offered 
to him. On April 23, great improvement was shown. The pupils were narrow 
and equal and reacted to light. After dilation, the disks were still pale and 
the arteries were contracted. The child was examined again on Feb. 3, 1933. The 
general condition was good, and vision was normal. He was able to see even 
very small objects. The pupils showed no abnormality. Dilation revealed little 
change since the last examination; there were pale, grayish disks, with sharp 
edges, slightly contracted arteries and veins of normal caliber. 

Optochin or ethylhydrocupreine was first used in 1912 by Morgenroth and 
Bumbke. They proved that it was an important bactericidal agent and that it 
had a very efficient, almost specific, action on the pneumococcus. It has been 
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used in various conditions, in malaria (Izar and Nicosia), in dysentery (Baer- 
mann) and principally in pneumonia. In ophthalmology it is used in the treatment 
for pneumococcic ocular conditions, particularly in serpiginous ulcer. Toxic 
accidents have never occurred in ophthalmology from its use, for it was soon 
realized that large doses would cause serious ocular disturbances, often preceded 
by temporary deafness. 

In the treatment for pleurisy in infants, optochin must be employed with great 
care. Not more than 25 mg. for each kilogram of the child’s weight should be 
used; the intrapleural injections should not be given at too frequent intervals. 


3ERENS, New York. 


THE CONCEPT OF “FUNDAMENTAL DISTURBANCES” AND ITS SIGNIFICANCE FOR 
THE CLASSIFICATION AND DrAGNosts OF MENTAL Diseases. E. KUppers, 
Arch. f. Psychiat. 99:1 (Feb. 21) 1933. 

The modern concept of psychiatric diagnosis tends away from disease entities 
and toward fundamental disturbances. Bleuler’s distinction of primary and 
secondary symptoms in schizophrenia, Berze’s emphasis of the “insufficiency of 
psychic activity” as the fundamental disturbance in schizophrenia and Birnbaum’s 
extension of these concepts to other mental diseases have helped in showing the 
importance of this trend of thought. Ktippers discusses the values and disadvantages 
of the theories advanced by these and other authors and proposes the following 
modification as applied to psychiatry. 

The ego is the most important psychic medium through which a person comes 
in contact with the outside, and a normal functioning of this element is essential 
for proper adjustment. A disturbance in the ego can be regarded as fundamental 
to maladjustments of different types. When the disturbance involves the ego 
as such, there is an inability of the person to adjust himself to reality, and in that 
way the schizophrenic and the paranoid psychoses are produced. A certain 
resonance between the ego and the person himself is necessary for a proper evalu- 
ation of reality, and when this is disturbed there follows either exaggeration or 
underrating of occurrences in the real world and their meaning to the person. 
These are regarded by Kiippers as the fundamental structures of affect psychoses. 
Finally, the adjustment of the individual depends on a proper grasp of relationships 
in the outside world, and when these are disturbed there appear symptoms of 
intellectual debility such as are found in feeblemindedness or in intellectual 
deteriorations. 

With this as a groundwork Kiippers proceeds to classify abnormal mental states 
into psychopathies and psychoses. The psychoses are divided into the real psychoses 
and the pseudopsychoses (hysterical stupors, twilight states and the like). The 
real psychoses are divided into the genuine and the symptomatic. The symptomatic 
psychoses are conditions that occur with other diseases, and can also be regarded 
as somatopsychoses. The genuine psychoses include the affect disturbances and 


the schizophrenias and paranoid states. MALAMUD, Iowa City 


SCHIZOPHRENIA IN Epiceptics. J. Wyrscu, Schweiz. Arch. f. Neurol. u. 

Psychiat. 33:113, 1933. 

Although there is no theoretical objection to the theory that a person may 
suffer from both epilepsy and schizophrenia, at least not for those who see in 
schizophrenia more than a symptom complex, the combination seems, nevertheless, 
to be rare. The presence of certain catatonic or paranoid symptoms in a person 
with epilepsy would not necessarily warrant the additional diagnosis of schizo- 
phrenia any more than would the occurrence of a few isolated convulsions in the 
course of schizophrenia justify the diagnosis of epilepsy. 

Wyrsch presents detailed reports of three women with epilepsy, who were 
observed over a long period of years and whose mental symptoms were suggestive 
of schizophrenia. Schizophrenic or schizoid tendencies were noted in the family 
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histories of all three. The first patient was subject to paranoid ideas but, contrary 
to the usual course of paranoid schizophrenia, these were periodic and were always 
initiated by a series of convulsions. During one psychotic episode, however, the 
patient had definite delusions of reference and influence. The author regards 
this case as an example of epilepsy acting as a nonspecific activator of latent 
schizophrenia. The second patient’s psychosis became manifest several years after 
the epileptic seizures had been greatly reduced in frequency by appropriate treat- 
ment. After recovering from an acute schizophrenic episode she made a fair adjust- 
ment, but suffered a relapse ten years later and finally passed into a chronic 
paranoid schizophrenic state. The occasional seizures were without effect on the 
course of the psychosis; on the contrary, the schizophrenia seemed to exert a 
modifying influence on the epileptic tendency. The third patient was free from 
convulsions during several attacks of acute schizophrenia, which always subsided 
with a recurrence of the seizures. In the interval between the psychotic episodes, 
but not during them, the patient’s behavior was characteristic of an epileptic 
personality. 

Wyrsch expresses the view that in the last two cases epilepsy and schizophrenia 


existed as separate and distinct processes. DANIELS. Denver 


AUDITORY AND NEUROLOGIC SEQUELAE CONSECUTIVE TO THE ACTION OF 
TRAUMATIZING TELEPHONIC <A. Mortez, Rev. d’oto-neuro-opht. 
11:171 (March) 1933. 

On the basis of a personal observation, Moriez believes that actual lesions 
may be produced in the ear and neuraxis by telephone noises, that electric action 
may be eliminated as a factor in such injuries and that there must be, at least, 
a physiologic synergy between the extrapyramidal apparatus and the central 
cochlear pathways for the following reasons: (1) cochlear lesions may have a 
secondary action on plastic tonus, with heterolateral predominance; (2) mesen- 
cephalic lesions may have a secondary cochlear repercussion; a contralateral 
tinnitus in a patient with left-sided parkinsonism was relieved at once by an 
injection of insulin and dextrose, given to combat the hypertonia. Nyssen and 
Helsmoortel have shown that intense auditory excitations increase arterial pressure 
through mechanical shock of the extracochlear receptor organs. 

A patient, aged 65, who had good hearing and was in good health except for 
marked arterial hypertension, received from a telephone receiver a tactile shock 
in the left ear and surrounding area, the shock being followed by a shrill noise 
in the apparatus. There was no loss of consciousness or malaise. Tinnitus began 
at once in the ear and had continued for four years. A distinct cochlear deaf- 
ness supervened. Repeated vestibular tests gave normal results. Several weeks 
after the accident, trembling appeared in both hands and was especially marked 
in the right hand. At the time of examination, four years after the accident, the 
following neurologic syndrome existed: (1) direct oculosympathetic phenomena 
with slight photophobia; (2) trembling of the arms, with undoubted crossed pre- 
dominance; (3) a slight crossed hypertonia. 

The hypothesis expressed is that the sudden sharp noise raised the arterial 
tension (already elevated) and caused a hemorrhage in the cochlear portion of 
the ear, probably in the spiral ganglion. Degeneration of the nerve pathways 
began and eventually extended to and affected the extrapyramidal apparatus. 

Dennis, Colorado Springs, Colo. 

THE TREATMENT OF SYPHILIS WITH HYPERPYREXIA PRODUCED BY DIATHERMY. 

NorMAN N. EpsteIn and S. BarrE Paut, Am. J. Syph. 17:72 (Jan.) 1933. 


An apparatus for diathermy capable of raising the temperature of the body to 
106 F. was employed by Epstein and Paul in their study of the efficacy of therapy 
with fever in neurosyphilis. The patient is covered with a rubber sheet and three 
warm blankets, and is insulated from the bed by another rubber sheet. Electrodes 
are fitted closely to the lubricated skin of the chest and back. The current in 
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milliamperes is started at 1,500 and slowly increased to 4,500. When the tem- 
perature reaches 100 F., a hypodermic injection of morphine and atropine is given. 
The temperature is not permitted to exceed 106 F.; should it do so, the excess 
blankets are removed, a tepid sponge is administered and cold drinks are given, 
procedures that almost invariably bring the temperature down. Most patients 
received from five to eight treatments, one or two being given each patient each 
week. The average duration of the hyperpyrexia was found to be one hour and 
fifty minutes. Thirteen patients with the tabetic form of dementia paralytica 
received this form of treatment, ten of whom showed definite improvement. Of 
the ten, six exhibited marked clinical improvement. Of seven patients with 
dementia paralytica, only two were definitely improved. In the group of four 
patients with asymptomatic neurosyphilis, all showed clinical improvement. Con- 
sidering the group as a whole, the authors were not able to point to striking 
serologic improvement. 

Among the untoward effects were secondary fever, herpes simplex, delirium 
and burns. The secondary fever, which may reach an alarming height, was 
combated by the removal of blankets and the administration of tepid sponges and 
cold drinks; in some cases cold colonic flushings were necessary. Burns were 
difficult to treat but not hard to prevent, proper application of the electrode, 
adequate lubrication of the skin and very slow increase of the amperage being 
satisfactory prophylactics in most cases. The delirium and herpes usually were 


of transitory nature only. Davipson. Newark. N. J 


OnerRIC NARCOLEPTIC SYNDROMB OF DIENCEPHALIC OUOrIGIN. P. E. MaAspgs, 
Riv. di pat. nervy. 41:137 (Jan.-Feb.) 1933. 


In order to point out the link between narcoleptic and hysterical manifestations 
with a possible lesion in the diencephalic region, the author cites a case of narco- 
lepsy in which vegetative symptoms indicating involvement of the diencephalic 
centers were present. Study of the case illustrates the importance of sleep dis- 
turbances following involvement of the area surrounding the third ventricle. From 
the reports of several authors on disturbance of sleep, and particularly on narco- 
lepsy, it seems to have been established that narcolepsy has value only as a 
localizing manifestation of functional or organic disturbance of the sleep centers, 
the topography of which has been pointed out particularly by Economo. The 
hysterical sleep, as defined by Charcot’s school, cannot be differentiated from 
narcolepsy, and in narcolepsy itself hysterical stigmas are found in many cases; 
of the stigmas, catalepsy is particularly important. The narcoleptic oneirism of 
the patient with its stereotyped character could, according to Maspes, be inter- 
preted on the same ground as a retarded psychomotor awakening, that is, as a 
dissociation phenomenon between psychomotor and sensorial function. As a result 
of such association, sensory or sensorial stimuli might evoke vivid images of 
previous experiences, particularly of a visual nature. The images might be so 
strong as to involve the participation of the centers of speech and of the motor 
centers. 

In addition to the disturbance of sleep, there were in this case other symptoms 
that could be imputed to the basal ganglia, such as tremor and hypertonia, vaso- 
motor imbalance and asymmetry of the vegetative reflexes. 

Maspes is uncertain as to the importance of a radiographic report of aplasia 
of the sella turcica. He also leaves unanswered the question of the possibility that 
dysfunction of the pituitary gland might be precipitated by other functional hysterical 


causes. FERRARO, New York 


TUMORS OF THE SUPRARENAL GLAND. CHARLES F. GescHiIcKTer, Arch. Path 
15:775 (June) 1933. 


Primary tumors of the suprarenal tissues are not common, but a variety of 
clearly defined neoplasms arising in the suprarenal gland have been little empha- 


sized in the literature; unfamiliarity with them is responsible for the persistent 
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error of ascribing so-called renal hypernephromas to this organ. In calling atten- 
tion to the outstanding characteristics of these primary tumors of the suprarenal 
gland it is hoped that further reports of cases on these relatively rare tumors 
will be stimulated, and that renewed interest will aid in dispelling much of the 
confusion existing concerning the so-called suprarenal rest tumors. 

A review of the pathologic process of suprarenal tumors makes it possible to 
simplify greatly the classification of new growths in that region. The cortical 
tumors of the suprarenal glands arise from small islands of undifferentiated 
mesenchymal tissue, related in origin to the sex glands. These small embryonal 
islands can be found in normal suprarenal glands in the region of the capsule. 
When slowly proliferating, these cells give rise to the benign cortical adenomas 
without marked clinical symptoms; when more rapidly proliferating, they give 
rise to cortical carcinomas with clinical changes in the sexual characteristics of 
the patient. The medullary tumors of the suprarenal glands are of the nature 
either of sympathetic nerve tissue or of chromaffin tissue, both of which have a 
common origin in undifferentiated neurogenic tissue of the sympathetic type. The 
more slowly growing tumors of sympathetic nerve tissue give rise to ganglio- 
neuromas or ganglionic sarcomas. The chromaffin tissue gives rise to chromaffin 
cell carcinomas and to paragangliomas. The more undifferentiated neurogenic 
tissue gives rise in childhood to the malignant sympathoblastomas, and in adult 
life to the malignant sympathetic neuroblastomas. The neurogenic tumors may 
arise from undifferentiated cells of the suprarenal medulla or from outlying ganglia 
of the sympathetic nerves which supply this organ. 

WINKELMAN, Philadelphia. 


CEREBELLAR HERNIATION INTO THE FORAMEN MaGnum. A. E. BENNETT, 
J. A. M. A. 100:1922 (June 17) 1933. 


Bennett made clinical, necropsy or cerebrospinal fluid pressure studies in twelve 
cases of acute and chronic compression syndromes. The symptoms and _ signs 
of cerebellar herniation with special reference to spinal fluid studies indicating 
partial and complete subarachnoidal block from cerebellar coning or wedging into 
the foramen are: (1) severe suboccipital pain, radiating up to the ears, increased 
by movement of the head; (2) increasing head retraction or opisthotonos occurring 
in children, a fairly complete block; (3) slow pulse, cardiac arrhythmia, attacks of 
cyanosis, mottled skin; (4) respiratory arrhythmias, from the slow deep respirations 
to the Cheyne-Stokes type; (5) dysphagia, the refusal of fluids; (6) forceful vomit- 
ing; (7) bruit heard over the occipital region, when there is compression of the 
vertebral arteries, and (8) blood-tinged cisternal fluid. On the basis of these 
observations the author concludes that cisternal or spinal punctures are a frequent 
cause of death and are contraindicated when evidence of this block is found. Imme- 
diate dehydration therapy and at times ventricular drainage are indicated in order 
to prevent fatal medullary paralysis. The extreme importance of this block as an 
early cause of death in meningitis has been practically overlooked in the literature. 
In the author’s experience, the foramen magnum has been the most frequent site 
of block. He is constantly on the alert to detect its presence and considers the 
intravenous administration of hypertonic dextrose solution life saving in this con- 
dition. He observed a new manometric pressure sign, namely, a bizarre or reversed 
Queckenstedt phenomenon, which apparently indicates an early partial or inter- 
mittent ball valve type of obstruction of the cerebellum herniated into the foramen 
magnum. He believes that the further observation and use of this sign will enable 
one to make a diagnosis of impending block and thus to institute proper preventive 


therapy against fatal medullary compression. Enrros’s ABSTACT 


MALIGNANT MENINGIOMA OF THE LEFT PRETEMPORAL REGION ASSOCIATED 
witH Reactive Giioma. S. Gutiotta, Riv. di pat. nerv. 41:73 (Jan.-Feb.) 
1933. 
Gullotta describes the case of a woman aged 53, in whom for five years there 


were signs of increased intracranial pressure, with epileptiform seizures, deafness 
on the left and hypo-acusis on the right side, anosmia, blindness due to papilledema, 
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titubation in the standing position, a Kernig sign, slight rigidity and tremor of 
the right arm and a marked grasp reflex of the right hand. Autopsy revealed 
a hemorrhagic area in the convexity of the left frontal pole and a left pretemporal 
meningioma accompanied by hypertrophy of the whole temporal lobe. Histologic 
examination of the meningioma disclosed the most varied types of cellular structure, 
at times alveolar, at others in elongated bundles, and at still others as a peri- 
thelioma. There were also regressive phenomena, such as hydropic vacuolar 
degeneration of the cells and stroma and deposits of calcium. The multiplication 
of cells had led to rapid growth of the tumor, breaking of the capsule and invasion 
of the surrounding brain substance along the walls of the blood vessels. 

Histologic examination of the temporal lobe, which was invaded by the neo- 
plastic tissue, revealed proliferation of glia, which in some areas assumed a 
blastomatous appearance with the histologic structure of a protoplasmic astrocytoma 
in which the elements were numerous, and the cell nuclei, some of which were 
deformed, were atypical. In some areas the tissue presented the aspect of a fibril- 
lary astrocytoma; in others the blastomatous aspect was no* present and only reac- 
tive glia was detectable. The case is reported mainly because of the presence of 
such an atypical glial reaction. Gullotta considers the reaction as gliomatous and 
proposes to apply the name of reactive glioma, as already suggested by Merzbacher 
for secondary glial tumors (Miinchen. med. Wcechnschr. 40:2051, 1909). 


FERRARO, New York. 


A CurnicaLt Stupy oF THE PsycHosEs ASSOCIATED WITH VARIOUS TYPES OF 
ENDOCRINOPATHY. J. Notki1n, Am. J. Psychiat. 12:331 (Sept.) 1932. 


In the opinion of Notkin, reached by a study of the patients at a large state 
hospital, the relationship of the endocrine dysfunctions to mental disorders has 
been overrated considerably. Among 6,000 patients, only 8 with endocrinop- 
athies of gross character were found. Three were feebleminded; 3 suffered from 
dementia praecox; 1 was an epileptic patient with deterioration, and 1 had a 
manic-depressive psychosis. Between the specific psychosis and the endocrine dis- 
turbance no correlation was found. The manic patient showed the adipose type 
of endocrinopathy; the epileptic, the hypo-ovarian obesity form. Of the three 
patients suffering from schizophrenia one had a combination of exophthalmic goiter 
and Addison’s disease; 1 was eunuchoid, and 1 presented a Froehlich syndrome. 
Of the feebleminded, 2 had pluriglandular dystrophies, and 1 was a cretin. 

The eunuchoid showed the lowest metabolic rate, —23 per cent. The cretin 
and the hypo-ovarian subject had metabolic rates of —19 per cent each. The others 
showed no abnormality in basal metabolic rate. The blood sugar was highest in 
the manic-depressive patient (150 mg.) and in one of the pluriglandular feeble- 
minded patients (130 mg.). Hypoglycemia was not found in any case. Blood 
calcium was normal in all cases and spinal fluid calcium was increased to 7.1 in 
the patients with exophthalmic goiter and Addison’s disease, but was normal 
in the others. Except for a determination of 204 mg. per hundred cubic centimeters 
in the instance of the cretin, blood cholesterol was about the normal average in 
all cases. 

There is, Notkin concludes, no consistency of factors:which would make one 
think of any causal relation between the endocrine dysfunction and the psychosis. 


Davipson, Newark, N. J. 


So-CaLLED CIRCULATION OF CEREBROSPINAL Fiuip. G. B. Hassin, J. A. M. A. 

101:821 (Sept. 9) 1933. 

Hassin points out that it was well shown by the experimental work of Sachs 
and his co-workers that the cerebrospinal fluid does not circulate caudad or 
cephalad. They injected small amounts of a coloring substance into the sub- 
arachnoid space of dogs and watched the level of the dye as it extended. The 
extension of the droplet of dye was a slow process. When, for instance, it was 
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injected at the level of the third lumbar vertebra, only at the end of ten hours 
was it located higher up, at the level of the first cervical vertebra, and in none 
of the experiments “had the dye diffused throughout the entire cerebrospinal space.” 
Sachs and his co-workers reached the conclusion that a true circulation of the 
spinal fluid does not exist, and that the extension of the dye was, in their experi- 
ments, by slight diffusion assisted by gravity. Yet pathologic observations show 
that if the cerebrospinal fluid possessed no movements or some sort of circulation, 
the tissue fluids of the brain and cord would become stagnant and this would 
lead to their destruction by causing rarefaction, unless one assumes that the physical 
process of diffusion alone may suffice to prevent it. Neuropathologic studies thus 
bring to light important facts in relation to the cerebrospinal fluid that cannot be 
understood on the basis of histologic, physiologic, pharmacologic and other evidence. 
Studies of inflammatory, degenerative and even neoplastic states force one to con- 
clude that the cerebrospinal fluid is not produced by the choroid plexus but repre- 
sents the tissue fluids of the brain and spinal cord, and that it is not absorbed by 
the arachnoid villi or pacchionian bodies, but, carrying the waste products of nerve 
activity, is eliminated by the perineurial spaces of the cranial and spinal nerves 


through a passive process of slow circulation. Eprror’s ARSTRACT 


SoME POINTS IN CONNECTION WITH SPINAL ANALGESIA. E. FALKNER HILL, 
Brit. M. J. 2:1189 (Dec. 31) 1932. 


The intrathecal injection of procaine hydrochloride for the production of spinal 
analgesia is sometimes accompanied by the following disadvantages : nausea, vomit- 
ing, pallor, sweating, slight respiratory embarrassment and slowing of the pulse. 
Fatalities, which sometimes occur, have been considered as due to blood absorption 
leading to paralysis of the vasomotor center. The author questioned this hypothesis 
and investigated the effect of procaine hydrochloride on the spinal cord of cats. 
His findings are as follows: 1. A full clinical dose of procaine hydrochloride, 
even if given intracisternally, has no appreciable effect on the vasomotor center. 
2. The cord and spinal roots may be soaked with procaine hydrochloride and, pro- 
vided the phrenic nerves are not touched, the blood pressure cannot be made to 
fall to a lower level than from 70 to 80 mm. of mercury. 3. Abdominal operations 
usually depress the blood pressure still further—evisceration, for example, will 
cause a considerable fall, and the return of the contents to the abdominal cavity 
is rapidly followed by a welcome rise. 4. Gliadin (an alcohol-soluble protein 
derivative of wheat starch) added to the procaine hydrochloride solution 
appears to limit the rapidity of diffusion in the cerebrospinal fluid and to slow 
the rate of absorption from the cerebrospinal fluid into the blood. 5. Doses ot 
procaine hydrochloride which are clinically effective when injected intrathecally 
are without appreciable effect when given intravenously, so that the question of 
blood absorption does not arise. 6. Procaine given intravenously will cause paralysis 
of the respiratory center, but it requires about ten times the dose that is sufficient 
by the intrathecal route; even with this dose the vasomotor center is not affected. 


Fercuson, Niagara Falls, N. Y 


Ricipity CAUSED BY PyRAMIDAL LESIONS IN THE CaT. S. W. Ranson, J. Comp 

Neurol. 55:91 (June) 1932. 

It is generally admitted that pyramidal lesions in man cause stiffness as we 
as paralysis of the limbs. However, experiments on cats have for the most part 
failed to give clear evidence of this function of the pyramidal tracts in these ani- 
mals. The motor and premotor portions of the cortex are so closely related 
topographically that when one is removed there is a possibility that the other 1s 
injured also. In order to secure lesions of the pyramidal system uncomplicated by 
injury of other structures, these tracts were approached from the ventral surtace 
and destroyed where they lay exposed in the pyramids 
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The right pyramid was partly or completely transected in the upper part of 
the medulla oblongata in ten cats. After division of the soft palate, the ventral 
surface of the rostral end of the medulla was reached through the mouth, naso- 
pharynx and a small opening drilled in the base of the occipital bone. In three 
cats electrocautery was used; in seven, a knife. The animals were allowed from 
three to four hours for recovery. Observations were then made of the animals 
when walking, when resting venter down on a canvas hammock with openings 
through which the legs hung pendant and when lying on their backs in a small 
trough. In all experiments the foreleg was more involved than the hindleg. But 
even after an extensive lesion in the pyramid there was only slight impairment of 
the use of the limbs in walking. The contralateral legs might be used awkwardly 
and the cat might step on the dorsum of the forefoot. Extensor rigidity was not 
evident unless special tests were made. When the cat was supported in a hammock 
or on its back in a trough, the contralateral legs showed extensor rigidity. 


Apptson, Philadelphia. 


Episopic Twiticut STATES (KLEIST) WITH HEREDITARY TRANSMISSION OF A 
SIMILAR ConpiTIoN. K. LEONHARD, Monatschr. f. Psychiat. u. Neurol. 
81:226 (Dec.) 1931. 

Leonhard discusses the clinical picture described by Kleist as “episodic twilight 
states.” The condition is characterized by the rather sudden occurrence of clouding 
of consciousness, with hallucinations, ideas of reference, perplexity, expansiveness 
or psychomotor disturbances. The duration of the illness varies from several days 
to a few weeks. While complete recovery from the individual attack takes place, 
there is a marked tendency for repeated episodes to occur. The disorder resembles 
epilepsy and manic-depressive psychosis in certain respects, but Kleist believed 
that it was an independent disease process. However, Kleist was unable to find 
any evidence of similar attacks in the families of his patients. Leonhard reports 
the case of a woman, aged 53, who showed the clinical picture under discussion 
and whose mother had suffered from the same type of psychosis. Since the age 
of 34, the patient had fifteen attacks lasting from eight days to three weeks. The 
chief features were disorientation, hallucinations and mistaking of persons. The 
mother, who died at the age of 37 following a postpartum hemorrhage, had three 
attacks in a year and a half. The first episode was observed at the age of 35. 
There were no indications of mental abnormality in the siblings of the patient or 
in more distant members of the family. Leonhard believes that the occurrence of 
episodic twilight states in both mother and daughter and the absence of other hered- 
itary factors confirm the view that the condition is an independent disease. 


ROTHSCHILD, Foxborough, Mass. 


PERIPHERAL NEUROSYPHILIS AFFECTING THE Lert PERONEAL NERVE. W. M. 
SHEppe and A. L. OsteERMAN, Am. J. Svph. 16:90 (Jan.) 1932. 


A man, aged 55, with a left footdrop and tingling in the weak extremity gave 
a history of nervousness, insomnia, dyspnea and pain in the left side of the chest. 
Physical examination showed a dilated aorta with myocardial insufficiency. The 
Kahn test of the blood was 3 plus. He had had syphilis thirty-six years before 
the onset of the complaints; he had received no treatment for it. Neurologic 
examination showed impairment of all types of sensation in the left foot and 
in the area of skin supplied by the left common peroneal nerve. There was 
flaccid paralvsis of the foot and beginning atrophy of the muscles. The spinal 
fluid showed no cells, but the Wassermann reaction with 0.6 cc. of fluid was 4 
plus. Under bismuth and iodide therapy the patient improved rapidly, and within 
two months all motor function had been restored. Sensory impairment improved 
more slowly. 

In reviewing the literature of peripheral neurosyphilis, the authors point out 
that involvement 


f peripheral nerves is seldom delayed as long as this, and that 
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the neuritis may appear with the secondary rash. This is to be distinguished 
from other types of peripheral nerve disease by the relatively reduced pain, as 
well as by the specific laboratory findings and prompt response to antisyphilitic 
therapy. Treatment, Sheppe and Osterman believe, should be conservative, the 
dosage being small and its increase gradual. Davipson, Newark, N. J. 


DISTORTIONS OF THE VISUAL FIELDS IN CASES OF BRAIN TuMouR: VII. THE 
FIELD DEFECTS AND HALLUCINATIONS PRODUCED BY TUMOURS OF THE 
Occtp1TaAL Lose. GILBERT HorRAX and Tracy JACKSON PutTNam, Brain 
55:499 (Dec.) 1932. 

Of 1,881 verified intracranial tumors, 40 were wholly occipital. Pathologically, 
50 per cent of the growths were gliomas and 35 per cent were meningiomas. A 
distinct sparing of the macular fibers was found in 73.6 per cent of the patients 
showing homonymous defects of the contralateral field. No instances of a homo- 
nymous defect of the upper quadrant were present. The present series is compared 
with Allen’s classification as to the type of defect. Of the meningiomas, 82 per cent 
showed sparing of central vision; of the five gliomas, three (60 per cent) showed 
this sparing; of the nine tumors in the miscellaneous group, seven (78 per cent) 
were associated with wholly intact fibers. Visual hallucinations were encountered 
in six patients (15 per cent) and the impression is still maintained that true 
hallucinations are not produced by occipital tumors. It is believed, with Allen, that 
so long as a minimal number of visual fibers remain undestroyed or completely 
compressed, together with preservation of the cortex of the occipital pole, central 
vision remains unimpaired. The homonymous quadrantic defects are the lower 
ones; the sector defects subtend a variable arc, and the field defects tend to be 


relatively congruous on the two sides respectively. MIcHaELs, Boston. 


Moror REACTIONS OF APHASIC PATIENTS: CLINICAL STUDIES OF HEAD’s HAND, 
Eye AND Ear Tests. F. QuaprFAseLt, Monatschr. f. Psychiat. u. Neurol. 
80:151 (Sept.) 1931. 

Using Head’s hand, eye and ear tests, Quadfasel studied aphasic patients and 
attempted to determine the significance of their responses. The commonest type 
of error, that in which the arm directly opposite the examiner’s arm was used, 
apparently owed its origin to a general tendency to direct imitation. According to 
Quadfasel, this is a primitive automatic type of performance that occurs 
often in children and occasionally in normal adults. Similar reactions have 
also been observed in animals. Another common mistake made by aphasic 
patients but not by normal persons was that caused by a tendency to perform 
uncrossed instead of crossed movements. These responses, which represented a 
simplification of the required acts, were considered analogous to primitive defense 
reactions, such as the scratch reflex. Quadfasel believes that the performances 
called for by the hand, eye and ear tests take place largely without verbal 
formulations. The disturbances observed in his patients were motor in nature and 
were probably an expression of a general alteration of function which manifested 
itself in the motor sphere as well as in other spheres of activity. 


ROTHSCHILD, Foxborough, Mass. 


HypopiruItarRy TYPE OF OBESITY TREATED WITHOUT GLANDULAR MEDICATION. 

JosEPHINE H. Kenyon, J. A. M. A. 101:97 (July 8) 1933. 

Kenyon treated fifty overweight patients by putting them on a modification 
of the high protein diet as described by Evans and Strang. She undertook this 
study for the purpose of determining whether a typical hypopituitary type of obesity 
could be successfully treated by a carefully worked out high protein diet. The 
diet was regarded as a treatment for obesity only and was not intended to supplant 
endocrine therapy when indicated for other symptoms. The high protein, high 
vitamin diet is not advised for use by the layman, but should be strictly supervised 
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by physicians for those patients who, on careful examination, are found free from 
any acute or chronic diseases. The fifty patients treated showed a steady reduction 
to their estimated or optimal weight; the fat pads disappeared; the skin contracted, 
leaving no flabby folds; they held their weight loss on an unrestricted diet for 
periods varying from five months to more than one year; their general health 
improved; their blood counts and urinalyses remained normal; headaches were 
lessened, and menstrual disturbances cleared up. There were no untoward symp- 
toms. Other patients not included in this series are at present on the same super- 
vised diet and show the expected steady rate of loss in weight. 


Epitor’s ABSTRACT. 


AGE, A FAcTor IN THE INCREASE OF MENTAL DIsEASE. ELLEN B. WINsTON, 
Ment. Hyg. 16:650 (Oct.) 1932. 


The fact that mental disease in the United States appears to be increasing 
annually does not necessarily mean that there is some slowly growing powerful 
force producing mental illness, or that the country will eventually devote all its 
energies to caring for its mentally ill. Much of the apparent increase in the 
incidence of mental disease can be explained on the basis of the rising of the 
average age. The percentage of population over the age of 45 years, for example, 
was 17 per cent in 1900, 19 per cent in 1910, 21 per cent in 1920 and 23 per cent 
in 1930. The number of children under the age of 15 has declined in the last thirty 
years from 34 per cent of the general population in 1900 to 29 per cent in 1930. 
Mental diseases become increasingly numerous with advancement in years. In 
proportion to the population, more than four times as many persons enter hospitals 
for mental diseases at the age of 80 as at the age of 20. Consequently the shift 
in the age average of the country will probably be accompanied by increase in 
first admission rates to psychopathic institutions. If all other conditions during 
the next fifty years remain the same, one can expect an increase in admissions to 
hospitals for mental diseases of 6 or 7 per cent on the basis of age alone. 


Davipson, Newark, N. J. 


THe REGULATION OF CorTICAL FUNCTION. JEAN LHERMITTE, Encéphale 27:757 
(Nov.) 1932. 

On the basis of anatomicoclinical and experimental material it can today be 
accepted that there exists a neural organization of the medulla and midbrain 
which is exceedingly sensitive to excitation. These excitations can be translated 
into waves of inhibition, extension of which can submerge cortical activity. This 
implies, of course, domination of the cortex by the lower or caudal portions of the 
brain stem—a state of affairs indicated in research by several workers. If any 
sudden compression, prick or other modification acts on the myelencephalon, there 
results a suspension of intellectual function. This result is somewhat differently 
achieved from that in the case of interference with the diencephalic mechanisms. 
In the myelencephalon it is a hypnic manifestation; in the diencephalon it registers 
in the affective life. That is to say, in mesodiencephalic excitation, with its upset 
vegetative equilibrium and apparent great obtunding of intellect, the patient has 
forsaken the realities of life to dive actively into another world of his own creation, 
freed from all interference; whereas with excitation of the myelencephalic centers 
the appearance of the disturbance is as though the patient was forsaken by all 
the sources of life—shown through profound depression and anguish. It is the 
difference between an active and a passive role. AnpeERSON, Los Angeles. 


STUDIES OF CEREBRAL FUNCTION IN LEARNING: VIII. A REANALYSIS OF 
Data ON Mass ACTION IN THE VISUAL CorTEX. K. S. LASHLEY, J. Comp. 
Neurol. 54:77 (Feb.) 1932. 

In an earlier study of the effects of lesions within the visual cortex on the 
retention of a habit based on discrimination of light from darkness, the author found 
evidence of a correlation between the extent of cortical destruction and the 
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criteria of retention of the habit. Later, he reported that the localization of pattern 
vision is dependent on a limited and definitely localized part of the occipital cortex 
which lies in the lateral margin of field w of Fortuyn. With this area as a basis, 
he has reanalyzed the data on postoperative retention of the habit based on bright- 
ness discrimination to determine whether or not the frequent destruction of the 
area in experiments involving large lesions was responsible for the correlations 
found. He now concludes that: 1. Lesions which do not involve the area 
essential to pattern vision probably do not produce any postoperative amnesia 
for the brightness habit. 2. Complete destruction of the area critical for pattern 
vision does not entail a severe grade of amnesia. 3. The degree of amnesia is 
proportional to the total extent of the lesions beyond the critical area. 


AppIsoNn, Philadelphia. 


THE MIND IN GOVERNMENT. C. S. BLUEMEL, Ment. Hyg. 16:233 (April) 1932. 


Since men differ in mental make-up, no man can psychologically represent 
another. This is the weakness of representative government, for it selects as leader 
the more or less abnormal dominant person, who cannot, even with the most 
honest intentions, interpret the recessive majority. If people were left to their 
own inclinations, says Bluemel, there would be no wars, for most people are too 
timid to fight. But the national leader projects his own aggressiveness on to his 
constituents, until acceptance of war becomes the simplest response. Since it is 
impossible to select a delegate whose mind will be identical with that of a majority 
of his constituents’ minds, the best one can hope for is “interpretative” govern- 
ment. In a measure, the British Parliament has [more or less accidentally] come 
to be such an institution. The House of Commons is made up of atypically 
aggressive men who have offered themselves for leadership, while the House of 
Lords consists of milder, more reticent members who approximate psychologically, 
if not sociologically, the typical Englishman. Interpretative government may arise 
deliberately and with the passage of time, just as recent centuries have seen the 


dawn of representative government. Davipson. Newark. N. J 


VARIABILITY OF PIGMENTATION IN THE HyYPoOPHYSIS AND PARATHYROIDS OF 
THE GRAY Rat (Mus Norvecaicus). H. F. Appison and Doris 
A, FRASER, J. Comp. Neurol. 55:513 (Aug.) 1932. 


This is a study of the occurrence and distribution of pigment within the 
hypophysis and parathyroid glands of the wild Norway rat and of several captive 
strains derived from it. Melanotic pigment within these ductless glands in mammals 
is apparently not a common phenomenon. It is present in the hypophysis of the 
adult Norway rat, both wild and captive, in the majority of the cases, and is visible 
by direct inspection. The pigment is usually restricted to one of the component 
parts of the hypophysis, most often to the pars intermedia, but it has been seen 
also in other parts. The pigment is in melanophores lying in the connective tissue 
septums. In the female, pigmentation in the hypophysis occurs irrespective of 
gestation. 

In the parathyroid glands pigmentation is of infrequent occurrence, but it 
has been seen in these glands in both wild and captive gray rats. When present, 
it may be found in only one of the two parathyroid glands or in both. The para- 
thyroid glands may be pigmented in the presence or absence of pigment in the 


hypophysis. 
AppIson and FRASER, Philadelphia. 


PARINAUD’S SYNDROME ASSOCIATED WITH A SYNDROME OF EXTRAPYRAMIDAL 
Ricipity. H. Francais and S. VERNoTTE, Rey. d’oto-neuro-opht. 10:739 
(Dec.) 1932. 

Parinaud’s syndrome is rarely isolated, but is associated with various neuro- 
logic signs depending on the nature and the seat of the lesion. A case is reported 
which was characterized by two groups of symptoms: (1) immobility of the face 
and rigidity of the limbs, dysarthria and slow, uncertain gait without swinging 
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of the arms; (2) a partial Parinaud syndrome, characterized by the loss of the 
voluntary movement of elevation of the globes but with preservation of the auto- 
maticoreflex movements and the loss of Bell’s reflex (lack of automatic elevation 
of the globes during firm closure of the lids). It is probable that the lesion 
causing paralysis of the voluntary movements is different from one that causes 
paralysis of both voluntary and automatic movements. It is not believed that the 
loss of voluntary movement of elevation is attributable to disturbed tonus in this 
patient, who was affected with a general hypertonia. It is probable that, besides 
a lesion causing the Parinaud syndrome, there existed a lesion that interrupted 
the corticomesocephalic connections between the cortex and the oculomotor nuclei. 


DeENNIs, Colorado Springs, Colo. 


CHANGES IN THE CorRNU AMMONIS IN AMAUROTIC FAMILY IpIocy. HANs 
JoacHIM SCHERER, Ztschr. f. d. ges. Neurol. u. Psychiat. 138: 481, 1932. 


Amaurotic family idiocy, a ubiquitous nerve process, tends sometimes to be 
accentuated in certain areas. Bielschowsky found it outspoken in the cerebellum 
in some cases, and Meyer in the basal ganglia. The accentuation of the process 
in the cerebrum has not been recorded. Zierl mentioned that the cornu ammonis 
was mostly involved in a case studied by him, and Kiefs made the same assertion 
in a case recently reported. 

Scherer studied the cornu ammonis in ten cases of amaurotic idiocy. In all 
these the process was definitely accentuated. The distribution of the involvement 
is of interest. Usually Sommer’s sector suffers most in amaurosis, while the 
“resistive” portion of the cornu ammonis suffers least. In amaurotic idiocy, on 
the other hand, the most severe changes are found in the dorsal and terminal 
leaves, while Sommer’s sector is resistive to the cell changes in this disease. 
The fascia dentata and subiculum are affected next io the dorsal leaf. The most 
vulnerable parts, therefore, are those whose cells are normally lipophilic. 


Avpers, Philadelphia. 


STUDIES OF THE FRONTAL LOBE AND THE CENTRAL EQUILIBRATORY PATHWAYS. 
P. DELMAS-MARSALET, Rey. neurol. 2:617, 1932. 

Backed by a series of painstaking and apparently carefully controlled experi- 
ments on animals Delmas-Marsalet invades the highly controversial field of func- 
tional localization in the frontal lobes. Following lesions extending deep into the 
frontal lobes just anterior to the motor area, certain constant and definite results 
were noted. These, in the dog, consisted of crossed hypotonia and ataxia, a 
tendency to turn toward the side of the lesions and certain changes following 
rotation tests. The findings seemed to be a combination of those one would 
expect in lesions of the opposite cerebellum and the homolateral labyrinth. Serial 
sections of the brains of the experimental animals showed a number of fiber paths 
between the prefrontal cortex and the lateral and posterior nuclei of the thalamus. 
Accepting as anatomically proved the connections of these latter nuclei with the 
contralateral cerebellum and the homolateral labyrinth, the author satisfactorily 
explains the findings in his animals. He thus definitely alines himself with those 
who would assign to the frontal lobes functions more specific than those of psychic 


determination. SCHNEIDER, Washington, D. C. 


TRANSMISSION OF HUNTINGTON’S CHOREA FOR 300 YEARS. P. R. VEsSIE, 

J. Nerv. & Ment. Dis. 76:553 (Dec.) 1932. 

Huntington’s Chorea was first described in 1816, but the condition was not 
named after Huntington until 1872, when he gave a clear clinical description of 
the syndrome. The one lesion in the brain regarded as of pathologic significance 
has been the atrophic changes in the corpus striatum and cerebral cortex. The 
release of the uncontrollable movements has been interpreted as due to overactivity 
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of the large globus pallidus cells, resultant on the destruction of the inhibitory 
influence of the small neostriatal cells. Irritability is a personality characteristic 
and is followed by sensitiveness, fears, anxiety states, suspicion, shame and feelings 
of social ostracism. The impairment in memory, deterioration of interests and 
other gross mental changes result trom cortical changes. Vessie has made an inde- 
pendent study of the earliest Colonial records of a group of ancestors from Bures, 
Suffolk, England, in 1630. The three men showed outstanding behavior problems, 
and their wives transmitted a family disease which seems to have resembled 
Huntington’s chorea, for which witchcratt trials were held. 


Hart, Greenwich, Conn 


PROGRESSIVE FAMILIAL LEUKODYSTROPHIES. L. VAN BoGAErRT and I. BERTRAND, 

Rev. neurol. 2:249 (Aug.) 1933. 

Several communications have appeared dealing with familial instances of a type 
of cerberal sclerosis allied to Schilder’s disease. The names of Krabbe, Scholz and 
Ferraro are particularly associated in this regard, though Curtius presented the 
most extensive genetic study. Van Bogaert and Bertrand report the occurrence 
of the condition in two children of one family and in two of five children of 
another, while epilepsy, hemiplegia and optic atrophy occurred in several cousins. 
The clinical features are progressive blindness and rigidity, with pseudobulbar 
disturbances and indications of partial decerebration; reflex grasping is common 
Pathologically, atrophy of the cerebral white matter is striking, and there is marked 
release of fat with the formation of compound granule cells. The symmetry of 
the lesions is always almost perfect. There are evidently formes frustes, as indi- 
cated clinically in other cases. Moreover, dependent on the localization, one can 
find all types from a pure pyramidal to a pure extrapyramidal process. 


FREEMAN, Washington, D. C. 


NEUROBLASTOMAS AND GANGLIOCYTOMAS OF THE CENTRAL NERVOUS SYSTEM. 
James W. KERNOHAN, JAMES R. LEARMOUTH and JOHN B. Doy te, Brain 
55:287 (Sept.) 1932. 

Nine cases of tumors derived from primitive nerve cells, with their histo- 
pathologic appearance, are presented. The term “neuroblastoma” is applied to 
tumors containing neuroblasts or primitive nerve cells, and the term “ganglio- 
cytoma” to tumors containing adult nerve cells. In the majority of the tumors 
a marked uniformity of cell type was present. The nuclei of the neuroblasts and 
the ganglion cells were large and vesicular, and each contained a deeply staining 
central nucleolus. All the tumor cells had an affinity for silver. Axis-cylinders 
were rarely encountered. Most of the ganglion cells were polygonal, and the 
neuroblasts varied in size and shape. In three tumors some cells showed vacuola- 
tion of the cytoplasm. The location of the tumors was not unusual. The interval 
between the onset of symptoms and the diagnosis varied widely; in case 1, five 
weeks; in case 4, two years. The tumors are rarely well demarcated from the 
surrounding cerebral structure, so that they are infrequently suitable for other than 
a palliative operation. MicHaELs. Boston. 


OBSERVATIONS ON MENOPAUSAL INSANITY AND BACTERIAL TOXEMIA. T. GILL- 
MAN MoorRHEAD, Brit. M. J. 1:923 (May 21) 1932. 


A woman, aged 50, presented a psychosis which was diagnosed by an 
experienced psychiatrist as hopeless presenile dementia. Complete hysterectomy and 
ovarectomy were performed. Immediately the patient began to improve. Five 
months later, recovery seemed almost assured. The removed uterus showed 
general metritis. The author presents this case as suggestive of a frequent 
relationship between focal sepsis and mental disturbance. Also he reports the 


> 
the 


opinions of FitzGibbon, who performed the operation, as follows: Many of the 
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customary phenomena of the menopause can be averted or cured by removal of 
the uterus, even when no infection is present. He believes that in the process of 
involution of the uterus toxic products are produced in that organ which are 
absorbed into the blood and give rise to flushings and other symptoms. He 
advocates performing hysterectomy in all cases of menopause in which the 
uterus is enlarged and in all cases in which menopausal symptoms are severe. 


Fercuson, Niagara Falls, N. Y. 


PROGNOSIS IN SCHIZOPHRENIA: CaTaTonic Form. C. H. BELLINGER, Psy- 
chiatric Quart. 6:475 (July) 1932. 


The judgment of such workers as Zablocka that no patient with genuine 
dementia praecox ever fully recovers is gradually being discarded in favor of more 
hopeful prognoses. The -estimates of the proportion of catatonic schizophrenic 
patients who can resume their places in society vary from the low figure of Mat- 
taushek, 5.5 per cent, to the 20 per cent recovery rate reported by Adolf Meyer. 
The present study is a follow-up of 35 patients admitted to the Utica State 
Hospital between 1920 and 1928, in whose cases a diagnosis of dementia praecox, 
catatonic form, had been made and confirmed. Nine had died (7 of tuberculosis 
and 2 of heart disease), and 16 were still in hospitals for mental diseases; of the 
remaining 10 who were out of an institution, 1 was deteriorated, 3 were able to 
get along in a protected environment, and 6 seemed to have recovered. On this 
basis, 9 of 35 patients—26 per cent—were able to resume their former places in 
society, while 6 of 35—16 per cent—apparently recovered. 


Davipson, Newark, N. J. 


OssIFICATION OF THE FALX CEREBRI AND SrNusitis. G. Worms, Rev. d’oto- 

neuro-opht. 10:729 (Dec.) 1932. 

In the great majority of instances ossification of the falx cerebri evolves 
without symptoms, although exceptionally it may by its size produce signs of 
intracranial hypertension, betrayed by deep, dull headaches. The author’s obser- 
vations comprise the cases of six patients in whom the ossification was revealed 
by roentgenograms during hospitalization on account of other conditions, or who 
complained of symptoms that could be attributed to lesions of the dura but were 
in reality due to paracranial infectious foci. In one case the most painstaking 
and repeated examinations were necessary to discover an infection of the frontal 
sinus and to avoid an intracranial operation. The cause of the meningeal altera- 
tions is difficult to determine, but the coincidence of infected nasal sinuses is 
significant. Since symptoms from the ossification alone are so rare, the relation 
of cause and effect between the dural anomaly and the headache must be mis- 
trusted. A concomitant involvement of the sinus must be carefully sought. 


DENNIs, Colorado Springs, Colo. 


THE GrAsP-REFLEX OF THE Foor. W. Russert Bratn and R. Desmonp 

CurRAN, Brain 55:347 (Sept.) 1932. 

The appropriate stimulus for the grasp reflex of the foot in infancy is light 
pressure on the plantar surface of the distal part of the foot, including the toes. 
The motor response is flexion and adduction of the toes. The reflex could be 
elicited in all children aged 9 months or less. In twenty-eight of fifty-nine 
mongolian idrots the reflex was obtained from one or both feet. The grasp reflex 
of the foot was observed in the following types of cases: (1) congenital choreo- 
athetosis, (2) unverified tumor of the corpus callosum, (3) subdural hematoma and 
(4) meningioma of the falx. Intracerebral tumors involving the medial aspect of 
the frontal lobe, tumors of the corpus callosum and of the falx and cerebral disease 
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caused by involvement of the anterior cerebral artery are the commonest lesions 
for the occurrence of this reflex. A homologous grasp reflex of the foot is found 


in the infant monkey. MicHaEts. Boston 


THE SPINAL ORIGIN OF CERTAIN FORMS OF CONTRACTURE OF THE PALMAR APONEU- 
rosis. G. Roussy, G. Lévy and C. RoseNrAucu, Ann. de méd. 31:21, 1932. 
A number of cases of Dupuytren’s contracture are on record in which the con- 
traction of the palmar aponeurosis with flexion of the third, fourth and fifth fingers 
was combined with syringomyelia. In the opinion of the authors the main en 
pince, the marked contracture of these three fingers in syringomyelia, is closely 
related to Dupuytren’s contracture. In the case which they present, Horner’s 
syndrome was added, together with the typical disturbances of sensation. The 
frequent presence of disturbances of perspiration and of vasomotor and trophic 
disturbances in syringomyelia makes one think of the presence of sympathetic 
centers in the gray matter of the lower cervical and upper thoracic spinal cord 
segments, disease of which is responsible for the thickening and following con- 
tracture of the tendons of the extremities, especially the aponeurosis palmarum. 


Wet, Chicago. 


kT OF Six BENIGN Cases. G. A. 
M. Sc. 183:550 (April) 1932. 

In reviewing the literature, the authors comment on the poverty of reports 
analogous to the type of the six cases that they report. There were two cases 
of ruptured subdural abscess, with secondary aseptic purulent meningitis, from 
sinus disease, and one case of staphylococcic bacteremia, with multiple body 
abscesses, sinusitis of the frontal bone, left frontal lobe abscess and recurrent 
attacks of purulent aseptic meningitis. The fourth case was one of a head 
trauma followed by two attacks of cerebrospinal fluid block, and ruptured brain 
abscess with purulent aseptic meningitis. Cases 5 and 6 were both of purulent 
aseptic meningitis secondary to rupture of cystic (in case 5 a brain cyst, and in 
6 a meningocele) contents into the subarachnoid space. In all the cases the spinal 
fluid cultures were sterile. 


ASEPTIC PURULENT MENINGITIS. REPO! 
Younc and A. E. BENNETT, Am. J. 


MICHAELS, Boston. 


A New CLINICAL SIGN FOR THE DIFFERENTIAL DIAGNOSIS AND PROGNOSIS 
OF RETROBULBAR NEwRITIS. L, WEEKERS, Ann. d’ocul. 169:834 (Oct.) 
1932. 

In cases of retrobulbar neuritis it is not always possible to demonstrate a 
positive scotoma. In certain conditions described by Weekers and in certain cases 
of retrobulbar neuritis (not in all cases) it is possible to cause a positive central 
scotoma to appear. This scotoma must be provoked and is transitory and fades 
rapidly. The numerous varieties of retrobulbar neuritis, which differ widely both 
as to evolution and gravity, are produced by different lesions. The new sign 
described by Weekers corresponds to a lesion involving the tissues of the retina, 
associated with adaptation of central vision to varying illumination. If the sign 
is positive, the prognosis is favorable. The new sign permits the differential 
diagnosis of certain types of retrobulbar neuritis the cause of which is undetermined. 


BERENS, New York. 


DELIRIUM OF PREGNANCY: A SEMEIOLOGIC AND PATHOGENIC STupy. JACQUES 

Vie and Jean Bost, Encéphale 27:468 (June) 1932. 

This article is an account of the pathogenic factors at work in the delusional 
patterns of pregnancy. An attempt is made to set aside the psychologic super- 
structures and to reach the underlying morbid nucleus. This must be a disturbance 
f cerebral function, for only thus can the syndromes of mental automatisms, con- 
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fusion, anxiety and feelings of insufficiency, be explained. The abdominal symptoms 
and the vasomotor changes give content to the delirium but do not constitute 
its basis. Delusions of animals within tend to occur in presenile melancholias ; 
these are apparently a perversion of the biologic urge to maternity. In men such 
delusions of pregnancy, and they do occur, naturally seem to indicate a greater 
deterioration than do the corresponding delusions in women. 


ANDERSON, Los Angeles. 


EFFECT ON A SPINAL Moror REFLEX OF AN EMOTIONAL CHANGE PRODUCED BY 
FeepinG. N. F. Popov, Arch. f. d. ges. Physiol. 230:717, 1932. 


In five dogs the spinal cord was severed at the twelfth thoracic segment; after 
recovery of the animals the flexor reflex of the hind leg was elicited by electric 
stimuli of equal strength applied to the skin of the leg. Feigned feeding through 
a fistula in the esophagus and in the stomach was used to produce an emotional 
stimulation. The emotional stimuli increased the flexor reflex of the hind leg, 
although the segmental centers of the reflex were isolated from the higher centers. 
This is explained by the assumption that the stimulation of the sympathetic system 
produced by the emotional change has an effect on the organism as a whole, which 
is evidenced particularly by the accompanying epinephrinemia. 


SPIEGEL, Philadelphia. 


FAMILIAL INCIDENCE OF A PECULIAR TYPE OF HEREDITARY DISEASE. A. 
Popow, Rev. neurol. 2:447, 1932. 

The author describes a familial disease, confined exclusively to males and char- 
acterized by weakness of the arms and legs, slight atrophy of the muscles of the 
hands and of the lower third of the legs, absence of deep reflexes, impaired reac- 
tions to electrical stimuli and pes cavus. It is not progressive, and ‘the condition 
tends to improve with age. In childhood it resembles Friedreich’s ataxia, while 
in adults the symptoms might be mistaken for early cases of peroneal atrophy. 
Except for the limitation of the disease to the male sex, this syndrome closely 
resembles that described by Roussy and Lévy in 1926. 


SCHNEIDER, Washington, D. C. 


RAPIDITY AND QuaALity. ANDREE CoOURTHIAL, INJA VAN DE STApT and E. 
CLAPAREDE, Arch de psychol. 23:193, 1932. 


The authors studied the relation between the quality and the rapidity with which 
a piece of work is done. They utilized test cards and arithmetic tests. 

They conclude that the rapidity with which a person works maintains a more 
constant level than the quality of the work. There is considerable disagreement 
among authorities as to whether there is a relation between the speed and the 
quality of a piece of work. The authors’ studies seem to indicate that this dis- 
crepancy can be explained perhaps by individual differences in aptitude for the 


test material and in familiarity with the tests. PEARSON, Philadelphia. 


DousBLE VAGOTOMY IN RELATION TO RESPIRATION. G. V. AUREP and ADLI 
SAMAAN, J. Physiol. 77:116 (Dec. 19) 1932. 


Aurep and Samaan discuss the laryngeal, cardio-aortic and pulmonary theories 
of the slowing down of the respiration which follows double cervical vagotomy. 
They conducted experiments in which the vagi were sectioned above the roots 
of the lungs, and others in which section was made below the roots of the lungs. 
The experiments failed to support Sharpley-Schafer’s view that the classic slow- 
ing down of the respiration is due to the paralysis of the laryngeal muscles, or 
Heyman’s view that it is due to a cardio-aortic denervation. The authors find 
that the effect of double vagotomy on respiration is due to the denervation of 


the lungs. AvpeErs, Philadelphia. 
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A CASE OF PARTIAL DEAFNESS SIMULATING CONGENITAL AUDITORY IMPERCEP- 
TION. E, M. Creak, J. Neurol. & Psychopath. 13:133, 1932. 


Creak describes the case of a child, aged 6 years and 10 months, who was 
neither mentally defective nor apparently deaf, and yet who could not utter or 
comprehend ordinary speech. The child’s responses to Head’s tests for aphasia 
were similar to those reported by Worster-Drought and Allen (1929 and 1930) 
in a case of “congenital auditory imperception.” Audiometer tests made by Ewing, 
however, showed from 50 to 60 per cent loss of hearing for speech. The author 
concludes that while true congenital auditory imperception probably exists, appar- 
ently similar disorders may depend on partial deafness. 


McBripe, Philadelphia. 


PSEUDOTUBERCULOUS MENINGITIS. ©. LANGE, Rev. Assoc. paulista de med. 
1:191 (March) 1932. 


Lange recalls the controversies with regard to the curability of tuberculous 
meningitis and refers to articles in foreign journals on the acute and benign 
meningitic syndromes that simulate, clinically and as to the body fluids, tuberculous 
meningitis. He calls attention to the causes that may produce acute meningitis 
of this type, and gives the different terms employed in other countries to desig- 
nate this form of meningitis. He cites his reasons for preferring the term “benign 
lymphocytic acute meningitis.” The author reports experimental studies made 
by inoculating into various animals cerebrospinal fluid taken from patients affected 
with this type of meningitis. In closing, he reports two of the eight cases observed 
thus far in the neurologic department of the Faculty of Medicine of Sao Paulo. 


EpitTor’s ABSTRACT. 


CHRONAXIMETRIC STUDIES ON Cats DECORTICATED ON ONE oR Born Sipes. G. 
Marinesco, O. SAGer and A. KreinpLer, Arch, f. d. ges. Physiol. 230: 
729, 1932. 

Unilateral decortication produces in cats a balance of the chronaxia of antag- 
onistic muscles, mainly by lowering the chronaxia of the extensors. Bilateral 
decortication produces, in addition to these changes, an increase of the chronaxia 
of the muscles without changing that of the nerves. In cases of muscular hyper- 
tension, such as are observed after decortication, in bulbocapnine catalepsy or in 
decerebrate rigidity a marked heterochronism between the nerves of muscle fibers 
can be observed. 


ELECTRICAL STIMULATION OF THE NERVUS VAGUS AND THE NERVUS DEPRESSOR; 
THE INFLUENCE OF THESE NERVES ON RESPIRATION AND CIRCULATION. 
M. HocwreEINn and W. Gros, Arch. f. d. ges. Physiol. 229:642, 1932. 


Centrifugal constrictor fibers to the coronary artery leave the vagus near the 
upper cervical ganglion. In the vagosympathicus the centripetal part of a reflex 
arc is found, which has a tonic influence on the blood supply of the lung. 
Stimulation of the depressor nerve is able to produce a fall, as well as a rise, 
of blood pressure, and inhibition or acceleration of the respiration. One might 
assume that the depressor is composed of fibers of different physiologic value 
or that it can act on different groups of centers. 


SPECTRALANALYSIS OF THE RAYS OF THE MYELINATED NERVE. G. S. KALENDAROFF, 
Arch. f. d. ges. Physiol. 231:238, 1932. 
The sciatic nerve of frogs emits different rays when resting and when stimu- 
lated. The spectrums are different, depending on the form of stimulus (trauma, 
mechanical or faradic stimulation). It was also found that the spectrum emitted 
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at the place of stimulation is different from the spectrum emitted at distant parts 
of the nerve. This supports Winterstein’s theory that the metabolism of the nerve 
produced directly by the stimulation is different from the metabolism produced 
by the nerve impulse. 


So-CaLLep VaGus PNEUMONIA. J. WEISER, Arch. f. d. ges. Physiol. 231:68, 1932. 

silateral vagotomy produced in rats edema, hyperemia of the lungs and hemor- 
rhage into the alveoli and septums. The permeability of the alveolar epithelial 
cells was increased. The vagus seems to control the permeability of the alveolar 
wall, and vagotomy produces a susceptibility to edema of the lung. 


SPIEGEL, Philadelphia. 
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EFFECT OF STIMULATION OF THE CAROTID SINUS ON THE CEREBRAL CIRCU- 
LATION. Dr. Ertk Ask-Upmark, Lund, Sweden, Rockefeller Fellow at the 
Harvard Medical School. 

More theories than facts have been presented on the relation of the carotid 
sinus to the cerebral circulation. Anatomically, the carotid sinus in man and in 
laboratory animals is located at the entrance of the main artery to the brain. 
Physiologically, experiments have been carried out with the Thermostrohmuhr 
by Rein and by Heymans and his co-workers, but the conclusions have been 
conflicting. 

The comparative anatomy of the carotid sinus was studied in a series of 
mammals, birds, reptiles and amphibians. The structures of the carotid sinus 
were present in every animal; a branch from the glossopharyngeal nerve was 
present in the entire series and the localization of the carotid sinus was at the 
base of the internal carotid artery or, if this artery was absent, at the origin of 
the occipital artery. The site was independent of the way in which the brain 
was supplied with blood. Studies were made of the homology between the carotid 
sinus and the old mechanism of the gills. The rete mirabile caroticum was studied, 
and a rule for its appearance in the series of vertebrates was determined. There 
are reasons to believe that the rete is homologous to the pseudobranch of certain 
fishes. Three main types of arterial blood supply to the brain were determined, 
and a theory was presented as to their functional connection. 

The living cerebral vessels were observed in cats, by means of the window 
technic of Forbes, during stimulation of the carotid sinus in the neck. The con- 
clusion was drawn that the carotid sinus exerts a double influence on the cerebral 
vessel (1) by means of an active vasomotor reflex causing cerebral vasodilatation 
and (2) by the passive response of the cerebral vessels to the alterations pro- 
duced by stimulation of the carotid sinus in the systemic circulation. The latter 
factor, which usually causes a reduction of cerebral vascular caliber, appears to 
be the most important. The main function of the carotid sinus in relation to the 
cerebral circulation seems to be to conserve the continuity of the blood supply 
to the brain. The possibility of chemical influences was also mentioned. 

Clinically, a reasonable explanation was found for the pathophysiologic mecha- 
nism in cases of syncope produced by lesions of the carotid sinus. The relation 
of the carotid sinus to epilepsy was discussed. A possible relationship between 
the function of the carotid sinus and certain details in cerebral vascular accidents 
was mentioned. Since the nerve from the carotid sinus enters the medulla by 
way of the ninth cranial nerve, a series of observations was made on the response 
of the blood pressure in operations for neuralgia of the glossopharyngeal nerve. 
Also, changes in the blood pressure in patients with neuroma of the acoustic 
nerve and certain other tumors of the brain were studied. The low blood pres- 
sure often observed in cases of meningitis was discussed. A series of cases of 
injuries of the head was studied, and a certain connection was suggested between 
the vasomotor neuroses so often seen in these patients and cardiovascular mecha- 
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nisms. There are, in spite of contradictory statements, positive reasons to believe 
that postural hypotension may have some relationship to the carotid sinus; this 
matter was discussed. 

DISCUSSION 

Dr. T. J. Putnam: This is a clear exposition of a difficult subject. The 
society is indebted to Dr. Ask-Upmark for correlating the results obtained by 
stimulation of the carotid nerve with the visible changes of the pial vessels. I 
can discuss only a few of the clinical aspects of syncope and convulsions due to 
irritable lesions of the carotid sinus. Dr. Weiss assembled a number of cases 
of this condition in a short time. In selected cases operation yields favorable 
results, although it will probably never become a common procedure. The use 
of procaine hydrochloride will show clearly whether the patient can be helped. 
The carotid sinus was transformed into a hollow, bony shell in one case in which 
I operated. 

The suggestion that changes in blood pressure constitute a sign of alteration 
in the function of the ninth nerve is valuable. I have never heard this suggested 
before, but now that attention has been called to it I am sure that many exam- 
ples will be found. 


Dr. M. FREMONT-SMITH: Is it not true that in many cases of arteriosclerosis 
the carotid sinus is overirritable and digital pressure will cause a great fall in 
blood pressure? 

Dr. E. Ask-UpMARK: The carotid sinus is irritated from the outside rather 
than from the inside. The blood and blood pressure cannot reach outside, but 
a stiff collar can easily cause pressure, and tight pressure causes hyperirritability. 

Dr. O. RAEDER: I saw a patient who was operated on by Dr. Cattell at 
the Lahey Clinic. Dr. Goodall referred the case to me as being suggestive of 
epilepsy. The patient, a woman of about 45 years, had had fainting spells and 
had been taken to the Relief Hospital on one occasion. She was considered 
dangerously ill, but her husband took her home, saying that he had seen her like 
that before and that she would be all right shortly. She had had these spells 
since the age of 20; they did not occur frequently, but sometimes when she 
turned her head she would feel faint and then would quickly recover. At opera- 
tion, the nerve plexus was dissected from the carotid sinus; the patient made a 
good recovery. When I heard from her last she had had no further spells. 


Dr. S. Wetss: This is a valuable contribution to the problem of the carotid 
sinus, its relation to blood pressure and the whole principle that chemical sub- 
stances can stimulate it, and of the interrelation between the cerebral blood 
vessels. The majority of the experiments show a parallelism between the fall in 
blood pressure and the decrease in the diameter of the vessels. I had some cor- 
respondence with Dr. Schmidt, who was unable to come to any conclusion. 
Whereas certain problems can be attacked by physiologists, it is always a ques- 
tion whether they can be attacked by clinicians. At present I have one patient 
who, I hope, will be operated on again. Patients of this type do not show 
changes in blood pressure, and yet they faint and have convulsions. My asso- 
ciates and I have studied seven such patients, and they show characteristic and 
remarkable pallor and then flushing. There is a certain parallelism between the 
behavior of cerebral vessels and that of the facial vessels. One can postulate 
that in these persons there is a direct relation between the carotid sinus and the 
cerebral blood vessels. Such cases are rare, but as soon as the condition is 
recognized they will be found more commonly. The changes are not normal. 
The physician often worries greatly over basal blood pressure so far as postural 
hypotension is concerned. My colleagues and I have emphasized that the abnor- 
mality is almost always selective. If we test other vasomotor changes they are 
normal. In a few instances of postural hypotension the carotid sinus was normal, 
and there was no connection between the two. Were these studies merely mor- 
Phologic? Did the different species of animals show the conditions described by 
di Castro? 
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Dr. E. Ask-UpMARK: This was a morphologic study in different animals— 
in most cases macroscopic and microscopic. It was impossible to make detailed 
histologic studies. 


HYPERPYREXIA COMBINED WITH HYPEROXYGENATION AS A METABOLIC STIMU- 

Lus. Dr. DONALD GREGG. 

Stimulated by personal experience and the proved value of hyperpyrexia in 
certain cases, I attempted to discover a comfortable, safe method of producing 
hyperpyrexia; to note whether such hyperpyrexia was accompanied or followed 
by evidence of metabolic stimulation, and then to experiment with various cases 
of physical and mental illness to see what good or bad results, if any, were 
obtained. I built an electric oven which has the following advantages: The 
patient lies on a wheeled stretcher and can be extracted quickly from the cham- 
ber if he becomes frightened or uncomfortable, or if for any reason the bath 
should be discontinued. The electric radiators are covered by grills and do not 
become incandescent. Consequently, the chance of burns is practically eliminated. 
Water reservoirs prevent the air from becoming parched. The temperature of 
the chamber can be controlled easily by ventilators and electric switches. The 
patient’s head protrudes from the cabinet. The pulse and temperature can be 
readily observed and the discomfort of breathing heated air is avoided. To make 
the patient still more comfortable the head is covered by an oxygen tent, which 
allows him to breathe from a stream of air and oxygen that is pumped through 
ice and deprived of carbon dioxide; it supplies as much as 80 per cent instead 
of the 26 per cent of oxygen in ordinary air. Whether equal comfort could be 
obtained with a stream of cool air without the oxygen remains to be determined. 
With an increased metabolic rate, more oxygen is used. If an increased supply 
of oxygen is easily available, this may add to the patient’s comfort. At the end 
of an hour the patient is taken from the chamber, an alcohol rub or a cold 
shower is given, and, when the temperature is normal, which it usually is by 
the time the patient is dressed, he is dismissed. When higher temperatures or 
longer exposures are involved, a period of rest after treatment is desirable. 

With this apparatus and technic, eighty baths have been given to twelve 
patients and controls. The usual temperature of the chamber at the end of the 
bath was 130 F. The usual rise of temperature of the patient was 2 F. by 
mouth, with a maximum of 4.4 F., which probably represents a body temperature 
2 F. higher. Without exception, the pulse rate rose—in one case as much as 
48 beats. The usual loss of weight was ™% pound (0.25 Kg.). Subsequently, 
most patients gained weight. The basal metabolic rates as taken suggested a 
rise during the period of heating and then a slightly subnormal rate. The experi- 
ments were performed on the following persons: two with agitated depressions ; 
three with simple depressions; one with postencephalitic parkinsonism; two with 
alcoholism; one with senile arteriosclerosis; one with multiple sclerosis, and two 
controls. 

The data to date are too meager to warrant conclusions. I believe that I can 
report a comfortable, sate method of producing hyperpyrexia; that the hyper- 
pyrexia stimulates metabolism, and that this stimulation of metabolism is at least 
symptomatically beneficial in certain chronic conditions and in alcoholism when 
elimination is desired. The height of the temperature and the duration of exposure 
to the elevated temperature are probably the important factors to be considered 
rather than the source of the heat, which is a matter of personal choice or 
prejudice of the operator. Higher temperatures are probably necessary for bac- 
tericidal results, as in gonococcic infections, whereas when metabolic stimulation 
alone is desired lower temperatures are sufficient. 

This preliminary report is presented in the hope that others may try this 
technic and multiply the number of observations 
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DISCUSSION 

Dr. C. L. SuHort: I wish to congratulate Dr. Gregg on the simplicity and 
safety of his apparatus. Concerning the use of oxygen, I have the impression 
that the same effect might be obtained by a stream of cold air. An excess of 
oxygen above the atmospheric content should not be necessary. I wonder if 
Dr. Gregg noticed any evidence of pulmonary irritation from the oxygen, such 
as has been found in animals. 

Dr. D. Grecc: Under normal conditions the air contains more oxygen than 
the lungs can absorb. With rise in temperature there is seemingly an increased 
demand for oxygen. This demand can be met by more rapid and deeper breath- 
ing. If, however, an excess of oxygen is offered, rapid and deep breathing is 
seemingly unnecessary. This adds to the comfort of the patient. I noticed no 
irritation from the excess of oxygen. 

The comparative value of different types of heat and different technics and their 
application is a subject that might well be investigated. If the nub of the situation 
is the production of fever, that certainly can be accomplished by various means. 


Pick’s DIsEASE: A REVIEW OF THE LITERATURE AND PRESENTATION OF A 
CasE. Dr. Ira C. Nicnots and Dr. WALTER C. WEIGNER. 


Arnold Pick, in the last years of the nineteenth century, noted cases of progres- 
sive dementia which at autopsy showed circumscribed cerebral atrophy. He 
thought of these cases at first as special types of senile dementia, but later workers 
believed that they deserved a special classification. 

No definite etiology has been established, but there is evidence for the hypothesis 
that the disease is of heredodegenerative origin. The onset usually takes place 
in the late fifties or early sixties, with reported extremes of 42 and 72 years. 
The disease is always fatal; the duration averages about three and one-half years, 
twelve years being the upper limit observed. Women have been more frequently 
affected than men. There seems to be no racial predilection. The course of the 
disease has been arbitrarily divided into three stages: (1) early mental and emo- 
tional changes suggestive of the onset of dementia paralytica; (2) motor unrest, 
aphasia, loss of ideational initiative and failure of memory as a tool in the forma- 
tion of new materials, and (3) terminal amentia. 

Physical examination notably yields an absence of signs. True psychotic 
manifestations are rare. Laboratory examinations gave negative results. Roent- 
genograms of the skull reveal increased thickness of the calvarium, and _ pos- 
sibly hyperostoses. Encephalograms reveal a generalized atrophy, with local 
accentuations. 

The differential diagnosis, after a complete study, offers little difficulty, except 
in distinguishing the condition from Alzheimer’s disease. 

Necropsy shows that the skull is thick and may have hyperostoses. The 
meninges occasionally show a moderate leptomeningitis. Grossly, the brain presents 
circumscribed, roughly symmetrical areas of atrophy, lying chiefly in the frontal 
and in the superficial and deep temporal regions. Microscopically, the affected 
areas show marked loss of nerve cells, affecting for the most part the three upper 
layers of the cortex. There is a strong glial reaction. Alzheimer’s argentophil 
bodies are seen. Senile plaques and fibrillary changes are rare or absent. The 
vessels show no significant changes. 

Report of a Case—A white woman, aged 56, in whose family a maternal cousin 
was considered eccentric, another was mentally ill but never hospitalized and 
another was alcoholic, had had a normal birth and early development. There 
was no history of the use of alcohol or drugs. The patient had been married 
for twenty-seven years, and never became pregnant. The menstrual periods, while 
regular, were excessive. The patient had had many severe headaches, which 
were most marked in the left frontal region and disappeared with the menopause, 
which was completed in 1927. In personality, she had been a good mixer, possess- 
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ing a pleasing, friendly, outgoing nature. Her judgment was always considered 
excellent and her mood stable. She belonged to many organizations and held 
several responsible offices. 

In retrospect, the present illness seems to date from the spring of 1928, when 
there developed irritability, hypersensitivity and fleeting periods of confusion. The 
patient was in an automobile accident late in 1928 and sustained a laceration of 
the skull. She was not rendered unconscious, however, nor did she utter any 
complaints afterward. Symptoms of the present illness definitely antedated the 
accident. From 1928 to 1931, there was a gradual loss of initiative and of interest 
in social activities and domestic duties. Judgment showed some deterioration. 
She became inefficient in the discharge of club duties and tended to make her 
household work stereotyped, preparing the same type of meal time after time. 
During 1932, her judgment showed further deterioration; a change in the char- 
acter of her speech was also noted, in that she initiated little conversation and 
tended merely to repeat sentences and phrases that she heard in the conversation 
of others. By the end of 1932, her mood had changed and taken on a superficial 
tone. With the development of diffuse restlessness, medical advice was sought 
and led to her admission to Butler Hospital, Providence, R. I., on Jan. 23, 1933. 

On examination the patient was in excellent general health. There were no 
neurologic signs. Study of all body fluids, including the spinal fluid, gave negative 
results. Mentally, the patient was alert and cooperative; she was superficial in 
emotional responses, which were almost childish at times. Restlessness of a diffuse, 
purposeless character was present. In her speech, she showed a tendency to repeat 
questions, making minimal changes and answering by using the questioner’s speech 
constructions as closely as possible. Little conversation was initiated by her, and 
her remarks consisted of scattered utterances concerning what was occurring in 
her immediate environment. Hallucinations and delusions were absent. Memory 
showed no impairment; in fact, it seemed acute. Grasp of the immediate situation 
was good. Orientation was intact. Insight was absent. 

Roentgen examination revealed no evidence of old or recent fracture. Encephal- 
ography, done after the removal of 110 cc. of spinal fluid, revealed evidence of 
more or less general atrophy, which was distinctly more marked over the frontal 
regions. The ventricles were dilated, and the cortical air pathways were dilated 
to four or five times their normal size. 

The progress of the condition has been checked at intervals to the present. 
To date, no abnormal neurologic signs have developed. Restlessness has increased 
to such a degree that it constitutes the main problem. The patient’s memory 
remains surprisingly unimpaired, although occasionally there are minor lapses. 
She is still able to grasp well the immediate situation surrounding her. Her 
judgment shows continued impairment, and her mood is becoming progressively 
more superficial. The general health is well maintained. 


DISCUSSION 


Dr. H. H. Merritt: The case presented recalls one that was presented by 
Dr. Spatz in Munich about four years ago. The patient walked into the room, 
talking continuously, and began to tap her feet on the floor immediately on sitting 
down in a manner similar to that of the patient presented here. I became inter- 
ested in Pick’s disease because of the similarity of the anatomic localization of 
the atrophy in the hemispheres to that in Lissauer’s dementia paralytica, and I 
studied cases of Pick’s disease in Dr. Spielmeyer’s laboratory. 

The brain presents grossly an extraordinary picture. There is extreme atrophy 
of the frontal and temporal lobes in an unusual manner, in that the precentral 
and first temporal convolutions are practically always spared. The microscopic 
changes are of interest. There is a lamellar degeneration of the second and 
third cortical layers, and the ganglion cells in the underlying layers show a 
peculiar type of reaction. These cells become rounded, the Nissl granules are 
lost and the nucleus is displaced to the periphery of the cell. They appear much 
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like the cells in cases of the so-called axonal reaction and are somewhat similar 
to the cells found in cases of amaurotic idiocy. The degenerative changes are by 
no means limited to the cortex; the basal ganglia also show extensive involvement. 

It is easy to understand from the pathologic picture why these patients clinically 
do not present focal signs such as hemiplegias and aphasia, because the motor and 
first temporal convolutions are practically always spared. 

The society is much indebted to Dr. Weigner and Dr. Nichols for presenting 
this case and calling attention to this syndrome. Heretofore, there have been no 
reports of such cases in this country, with the exception of the cases of Dr. 
Thompson and Dr. Kahn in New Haven, and I feel sure that when clinicians 
become more aware of the syndrome the cases will be found to be frequent. 


Dr. A. H. Ruacies: I saw the patient in Dr. Eugene Kahn’s first case, which, 
as far as I know, was the first one diagnosed in this country. He had previously 
diagnosed a number of cases in Germany. The patient in this case died a few 
weeks ago, and a letter informs me that the microscopic appearance of a cross- 
section of the brain confirms the diagnosis. The problem of differential diagnosis 
is largely between Alzheimer’s disease and Pick’s disease. It seems to me that 
the case reported by Dr. Kahn and Dr. Thompson and the case reported here 
show a clinical picture which enables one to differentiate between the two diseases, 
the distinctive changes in Pick’s disease being an early change in personality, a 
decrease in intiative, later hyperactivity and, finally, a generalized mental loss. 

Dr. M. R. KAuFMAN: One aspect of this case is the process of the mental 
loss. How and what the patient forgets presents a possibility for study. I presume 
that she and her family date her trouble to the accident. 

Dr. C. M. CampsBeLL: Analysis and classification of these cases are just 
beginning. They are difficult to classify, as not all plaques show heavily at one 
time. A somewhat fatalistic attitude is assumed in these cases. Not the faintest 
idea is held as to what is at the basis of them. At autopsy an axonal reaction 
is seen, which is widely distributed. This reminds me of a case of late epilepsy 
with some arteriosclerosis in which no changes in the vessels but a widely diffuse 
axonal reaction was found at autopsy. 

Dr. I. HENpDRICcK: I was much interested to hear that Dr. Ruggles and 
Dr. Merritt have seen cases of this type. Dr. Gildea showed me a case in the 
ward with many characteristics of dementia praecox. There was no intellectual 
interest and no kind of response. I wish to ask Dr. Nichols and Dr. Weigner if 
the patient seen here ever showed any particular intellectual prowess, and if, her 
behavior is stereotyped, as rubbing the hands along the chair and swinging the feet ? 
What gave origin to this restlessness? 

Dr. W. Broomperc: Is there any connection between the condition and the 
pigmentation of the face? The pigmentation seems definite, and with the possibility 
that the disease may be an endocrine disorder it may be important. Perhaps it 
is in this respect that Dr. Merritt finds that the patient resembles so much the 
one presented by Dr. Spatz. 

Dr. I. C. Nrcnors: The behavior of the patient here was typical of her reac- 
tions at the present time. Until recently, her memory was remarkably acute in 
replying to specific questions. Within the past few months we have noted what 
we consider as a beginning failure of this faculty. We know of no origin for 
the type of restlessness which she shows. It is a diffuse response. I am sure 
that there are more cases of this type, and that they will soon begin to be recog- 
nized. It seems remarkable to me that there is only one paper on this subject 
in English, 

Dr. W. C. WeEIGNER: I wish to emphasize the picture in Pick’s disease as 
it differs from that in the other types of dementia. In Pick’s disease the memory 
is maintained intact to a surprising degree, as was demonstrated in the case shown 
here. This, to me, is an outstanding symptom and differentiates the condition from 
simple senile dementia, arteriosclerosis and Alzheimer’s disease, in which a memory 
defect occurs fairly early. Schilder’s disease has been suggested as one that might 
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be difficult to differentiate from Pick’s disease. However, I do not think that 
differentiation is difficult, since Schilder’s disease is usually characterized from the 
beginning by such physical manifestations as convulsions, paralyses, aphasias and 
visual disturbances. Pick’s disease is relatively free from these manifestations, at 
least until the later stages. 

The onset of dementia paralytica, with its gradual personality change, emotional 
disturbance and distortion of intellectual functions, may present a problem in 
differentiation. The answer, of course, is to be found in the normal blood and 
spinal fluid in Pick’s disease. 

It was suggested that possibly the patient has had, and perhaps still has, some 
underlying metabolic condition. While she is obese, studies to this end have 
revealed no definite evidence of endocrinopathy. : 


CHICAGO NEUROLOGICAL SOCIETY 
Regular Meeting, Nov. 16, 1933 
PERCIVAL BaIiLeEy, M.D., President, Presiding 


SYPHILITIC MYELOPATHY: CLINICOPATHOLOGIC REPORT. DR. THEODORE T. 
STONE AND Dr. ARTHUR WEIL. 


This article will be published in full in a later issue of the ARCHIVES. 


THE IPSILATERAL REPRESENTATION IN THE MOTOR AND PREMOTOR CORTEX. 
Dr. Paut C. Bucy (by invitation). 


This article will be published in full in Brain. 


NEUROGENIC EROSIONS AND PERFORATION OF THE STOMACH AND ESOPHAGUS 
ASSOCIATED WITH CEREBRAL LESIONS: REPORT OF Four CAsEs. Dr. 
MaBeEL G. MASTEN and R. C. Bunts, Madison, Wis. (by invitation). 


Rokitansky, in 1859, described two forms of softening of the stomach 
associated with perforation and erosion of the diaphragm, with effusion of gastric 
contents into the abdominal and pleural cavities. He also described perforations 
of the esophagus and connected these phenomena with lesions of the brain. 
Cushing’s Balfour lecture on peptic ulcer and the interbrain formed the basis for 
the presentation of the reports of four cases in support of Cushing’s hypothesis: 
that stimulation of the parasympathetic centers in the interbrain results in ulcer 
and softening in the upper part of the gastro-intestinal tract. 

Case 1 was one of an abscess of the frontal lobe with terminal menincitis; 
gastromalacia with perforation through the diaphragm was found at autopsy. 
Case 2 was one of acute encephalitis in a young man who presented marked dis- 
turbance of the vegetative nervous system which resulted in multiple erosions 
of the stomach and perforation of the esophagus. Case 3 was one of a neoplasm 
of the posterior fossa which resulted in physical and sexual precocity with 
gastromalacia, perforation of the stomach and diaphragm, pleurisy and localized 
peritonitis. Case 4 was that of an infant who died fifteen hours aiter birth trom 
cerebral hemorrhage and presented an antemortem pyloric ulcer. 

Evidence that the process in the stomach and esophagus occurred ante 
mortem was discussed. Recent experimental work supporting Cushing’s theory 
of a parasympathetic center in the diencephalon was reviewed. Symptoms sug- 
gestive of irritation of parasympathetic centers that developed during replace- 
ment of spinal fluid by air in encephalography, including a case of gastric 
hemorrhage, were related. 

Note.—Since this paper was read a fifth case has come to autopsy. A young 
man with a cerebral neoplasm, which compromised both lateral ventricles and 
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displaced the third ventricle, was found to have extensive gastromalacia with 
rupture and effusion of the gastric contents into the abdominal cavity. 


DISCUSSION 


Dr. A. B. YupELson: What were the ophthalmoscopic observations in 
case 3? 
Dr. Mapet G. Masten: The ophthalmoscope in the case of teratoma 


revealed 6 diopters of choking in each disk, with marked retinal hemorrhages in 
the left eye. It was curious that there was so much choking, because only the 
third ventricle was enlarged. My explanation was that it was due to the close 
proximity of the tumor to the optic chiasm. The tumor encroached on the area 
of the third ventricle, compressing the pineal body and the colliculi. 

I realize that I have not proved the relationship of the lesions of the inter- 
brain and the ulcers of the stomach, but in each case the lesion involved or com- 
promised the structures about the third ventricle. 


Dr. PERcIVAL BaiLey: I wish to call attention to the careful wording of 
Dr. Masten’s title. It does not state that the ulcers were due to cerebral lesions. 


ScLteroTic ATROPHY OF THE CEREBELLUM: REporT OF Two Cases. Dr. GEorRGE 
B. HASSIN. 


This article was published in full in the Arcuives (31:1205 [June] 1934). 


RELATIONSHIP OF MIGRAINE, EPILEPSY AND SOME OTHER NEUROPSYCHIATRIC 
Disorpers. Dr. Harry A. PASKIND. 


This article appears in full in this issue, page 45. 


PHILADELPHIA NEUROLOGICAL SOCIETY 
Regular Meeting, Nov. 24, 1933 
A. C. Buckiey, President, in the Chair 


FAMILIAL SpaASTIC PARALYSIS: REPORT OF Two CASES IN ONE FAMILY. 
Dr. S. Gorpy. 


Familial spastic paralysis is a heredodegenerative disease of the nervous system 
occurring usually in children, and occasionally in adults, of the same family or 
in several generations of the same family. It is characterized principally by 
progressive weakness, stiffness and rigidity of the lower limbs, with a dragging 
and later a scissors-like gait, hyperactive reflexes and a Babinski sign. The 
disease is slowly progressive, extending over many years without remission; it 
may remain stationary, but usually leads to complete incapacity. The upper 
extremities are rarely affected; cerebral involvement is rare, and sensory symp- 
toms are not present. 

Report of Two Cases in One Family—The paternal and maternal grand- 
parents of the patients, as far as could be determined, had no unusual disorders. 
The paternal and maternal aunts and uncles had no ascertainable disorder of 
gait or nervous disturbance. The parents, both Czecks, had normal intelligence 
and had had no significant illnesses. Physical examination of both parents, aged 
53 and 45, respectively, gave essentially negative results, with the exception that 
both had general hyperreflexia, including the biceps, triceps, pectoral, knee and 
ankle reflexes. Two sisters of the patients, aged 24 and 23, respectively, were 
examined and presented nothing of note, with the exception of hyperreflexia. The 
older sister is married; she had a premature child, born at 7 months, who died 
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shortly after birth. Further data concerning the child were not ascertainable. 
There are four brothers, two of whom show this disorder. The two normal 
brothers are aged 21 and 8, respectively. Examination of them gave essentially 
negative results, with the exception of hyperreflexia in the older brother. The 
Wassermann reaction of the blood was negative in all members of the family, 
with the exception of the youngest boy whose blood was not examined. 

CasE 1.—August D., aged 20, was born abroad. Birth was normal, and he 
was a healthy child, having had only the usual diseases of childhood. He came 
to America with his parents at the age of 8, went to school and learned English 
quickly. However, he lost interest in school, became unruly, left home several 
times and presented a problem to the family. At the age of 12 he gave such 
other evidence of mental arrest that he was committed to the Philadelphia Insti- 
tute for Feeble Minded, where he first came under my observation. According 
to the mother, at the age of 7 August had begun to stumble easily and tended 
more and more to walk on his toes, wearing out the tips of his shoes excessively. 

Physical examination (May 1926) showed a well nourished, somewhat over- 
developed boy, aged 13, without visceral abnormalities. Neurologic examination 
disclosed no palsy of the cranial nerves. Speech was rather slow and monotonous. 
The boy had fairly good control of the upper extremities, although the movements 
of the hands and fingers were a bit clumsy; there were no tremors or athetoid 
movements, and no ataxia. There was a well marked scissors gait, with marked 
spasticity of the legs; both feet presented an equinovarus deformity, with ankle 
clonus and a Babinski sign. The mental rating was that of a middle grade 
imbecile. 

When he was reexamined in the latter part of 1932, speech and cerebration 
showed the same character of slowness. The upper extremities showed fairly 
good movement, but some clumsiness in the finger-to-nose and finger-to-finger 
tests. There were no tremors, fibrillations, atrophy or athetoid movements. The 
legs were in crossed rigidity, and the boy was confined to a wheel chair; the feet 
were in an equinovarus position; if supported, the patient made a feeble attempt 
to walk. There was marked hyperreflexia throughout, with a positive Hoffmann 
sign on the left and bilateral Babinski, Chaddock and Gordon signs. The crem- 
asteric, abdominal and superficial pectoral reflexes were absent. There was no 
disturbance in any modality of sensation. 

CasE 2.—Adolph D., aged 11, is the next in age to August. He was born 
normally and had a normal infancy and childhood; he walked and talked at the 
age of 15 months. At the age of 6 he began to stumble and fall in walking. 
He first came under observation in April 1931, in the outpatient neurologic clinic 
of the Graduate Hospital of the University of Pennsylvania. Examination dis- 
closed some slowness in speech and cerebration. There were no disturbances of 
the cranial nerves. There was slight clumsiness in the use of the arms but no 
tremors, atrophy, fibrillation or ataxia was observed. The biceps and triceps 
reflexes were equally active. There was some tendency to cross-legged progres- 
sion, with excessive wear of the tips of the shoes. There was marked hyper- 
reflexia, together with clonus and bilateral Babinski and Chaddock signs. The 
lower abdominal and cremasteric reflexes were barely elicited at times. There 
was a beginning equinovarus deformity bilaterally. The Wassermann reaction 
of the blood was negative; roentgenograms of the dorsal and lumbar portions of 
the spine were normal. There was mental retardation, the mental age being 
about 6 years. 

DISCUSSION 


Dr. S. Gorpy: In going over the literature one is impressed with the 
number of cases in childhood and adolescence in which there is mental impair- 
ment of varying degrees of severity. This is not true of the group in which the 
age of onset is later. It may be of significance that the present mental age of 
the brothers corresponds roughly to the age of onset of the neurologic symptoms. 


[he older boy gives an impression of being more deteriorated than he really is; 
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the mental capacity has not undergone a real descent. One may say appro- 
priately that there is cerebral arrest rather than deterioration. 


_ENCEPHALOMYELITIS DIsSEMINATA FoLtLtow1nG AscENDING Newuritis. Dr. Ross 

H. THOMPSON. 

Clinical evidence is given of ascending neuritis which developed a few days 
after a purulent infection of a finger and extended gradually into the spinal cord 
and into the brain stem. Emphasis is laid on the importance of securing a 
detailed history of events, with the possibility in mind of the association of 
peripheral infection with involvement of the central nervous system. 

Ascending neuritis may be an avenue of distribution of peripheral infection 
to the spinal cord and to the brain. Experimental and clinical evidence exists 
to show that the lymph spaces in the perineural sheaths of the spinal nerves are 
in direct communication with the spinal subarachnoid space and that all elements 
of the central and peripheral nervous system are bathed by the same cerebro- 
spinal fluid. 

DISCUSSION 

Dr. WILLIAM G. SpPILLER: When I was working with Dejerine at the 
Salpétriére in 1895, he mentioned that he had seen a few cases of ascending 
neuritis and had also observed that after an injury producing a defect in one 
arm, the hand and the other upper limb might show a similar defect after a 
time. He gave me a spinal cord from such a case, but it had been in Miller's 
fluid for several years and was so hard that I was unable to obtain microscopic 
sections. The important contributions to this subject by Niessl von Mayendort 
have been considered by Dr. Thompson. 

Tanaka mentioned that there are in the literature incidental observations to 
the effect that injury of a given nerve on one side of the body is followed by 
changes in the corresponding nerve on the opposite side. Under the direction 
of H. H. Donaldson, he carried out a series of experiments at the Wistar Insti- 
tute of Anatomy and Biology on the normal white rat and found that section of 
the peroneal nerve of one side produces changes in the contralateral nerve, 
expressed as a loss of fibers or a retardation in their production with age. He 
attributed these changes to humoral stimuli represented by substances arising in 
the damaged neurons of the sectioned nerve. 

Dr. T. C. Watts: In view of the cases recorded by Dejerine and the work 
of Orr and Rows and of others, Dr. Thompson’s case is significant. The pres- 
ence of diplopia and nystagmus is of interest, because it shows that after infection 
reaches the central nervous system it may spread to the brain stem as well as 
down into the spinal cord. 

I have nothing to add to what has been said about my paper written in col- 
laboration with Dr. Mixter, but I wish to report briefly two cases I have seen 
since then. A gunshot wound received during the World War, of the left arm, 
became infected, and osteomyelitis developed. About twelve operations were per- 
formed, and finally the arm was amputated at the shoulder. In 1931, at the age 
of 40, the patient complained of a painful amputation stump, and Professor Foer- 
ster, of Breslau, removed the stellate and second thoracic sympathetic ganglia 
On examination I found the endothelium-lined spaces in the ganglia and the 
communicating rami filled with polymorphonuclear leukocytes; a few leukocytes 
were free in the tissues. There were moderate degenerative changes in the 
ganglion cells and in the cells of Schwann. I think that this case illustrates 
that infection can travel from the periphery in the perineural tissues at least as 
far as the sympathetic ganglia. 

The second case is that of a woman, aged 48, who experienced pain two days 
after being struck in the back. The pain radiated from the spine anteriorly under 
both scapulae. Two weeks later there appeared weakness and numbness of the 
lower extremities, which within three days became complete paraplegia he 
patient was admitted to Dr. Frazier’s service at the University Hospital with 
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complete flaccid paraplegia and a sensory level at the sixth thoracic segment. A 
subarachnoid block was demonstrated by the Queckenstedt test. While the patient 
was in the hospital for a week, the temperature rose each day to nearly 100 F, 
Because of the fever and the rapidity of onset, it was thought that she had an 
infectious process in the epidural space. At operation I found a granuloma extend- 
ing from the third to the seventh thoracic segment. The granuloma was stripped 
from the dura mater without difficulty. A frozen section made at this time showed 
chronic inflammatory tissue; hemolytic staphylococci were cultured from the 
granuloma. The only apparent source of infection was numerous small pustules 
on the back. 

Dr. W. B. CADWALADER: The case that Dr. Thompson reported is of 
particular interest because the infected wound of the hand was the starting point 
from which infection was transmitted by way of the nerve sheaths through the 
upper limb to involve the spinal cord. There is much evidence, both experimental 
and histologic, to support this belief, and Dr. Thompson has referred to the litera- 
ture on the subject. Cases of this kind seem to be rare, but they may be more 
frequent than is believed. I have seen a few similar cases; one was that of a 
soldier who had a large infected shell wound of the right buttock. In a short 
time he died with symptoms of meningitis and myelitis. Necropsy showed diffuse 
meningitis with inflammation of the substance of the spinal cord. I have alluded 
to this case briefly in my article in Keen’s “Surgery” (Philadelphia, W. B. 
Saunders Company, 1921, vol. 7, p. 517). 

I do not think that ascending neuritis is a good term to describe such cases, 
because the symptoms of peripheral neuritis are generally lacking in spite of the 
fact that there may be histologic evidence of inflammation of the nerve trunks. 
In Dr. Thompson's case pain was absent, or at least inconspicuous. I prefer to 
use the term “ascending neural infection” to indicate that infection may be transmit- 
ted by way of the nerve trunks to the central nervous system. Some of the so-called 
cases of ascending neuritis recorded in the older literature were characterized by 
severe pain which radiated from the site of infection in the hand or in the finger 
to the proximal portion of the limb, but without involvement of the central nervous 
system. Cases of this type have been recorded from time to time but have been 
regarded with more or less skepticism. The pain in some of these cases proved 
to be hysterical in origin. This was emphasized by Dejerine and Oppenheim. 

Dr. Thompson seems to me to have proved that in his case ascending neural 
infection had caused the lesions of the central nervous system. This mode of infect- 
ing the central nervous system may not be so rare as it has been regarded. 

Dr. JoseEpH C. YaskIN: Was Dr. Watts referring to the patient who was 
operated on by Dr. Frazier about one week ago? In this patient the pustules 
appeared after the onset of the myelitis. The history as I obtained it was that 
about five weeks ago she had a right-sided “pleurisy.”. Two weeks later, myelitis 
developed, and after that furuncles. I was careful to procure an accurate chrono- 
logic history in this case when I saw the patient in another hospital, as I could 
not understand how the rapidly developing myelitis could be due to a tumor. 


HEREDITARY SPASTIC PARAPLEGIA: OCCURRENCE OF THE CONDITION IN FIVE 
GENERATIONS, WITH PRESENTATION OF Two Cases. Dr. A. M. RECHTMAN 
and Dr. BERNARD J. ALPERS. 

The occurrence of spastic paraplegia in five generations is of sufficient interest 

to merit recording. The cases in four generations of this family were reported 

previously by Dr. Spiller, but those in a new generation are now added. The 

disease seems to have made its first appearance, in Germany, in Mrs. C. F., 

who had a son who suffered from the affliction. He had eight children, five boys 

and three girls; two of the boys and one girl had the disease. Both affected 
males married; one had nine children, with three boys and two girls who suffered 
from the disease; the other had five children, of whom one boy and one girl were 
afflicted. Only two persons, a male and female, in the first group married, the 
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male having three sons, of whom two were afflicted, and the female giving birth to 
a girl, who was likewise afflicted. The other three members had no issue. Of 
the other branch, the male had two children, both girls, who had the disease. The 
female had no issue. The two girls last mentioned are our patients. We have 
examined them and the father, but were unable to examine other living members 
of the family. Despite efforts to determine the exact age of onset of the disorder, 
we could gather only scattered data. 


@ 

No Father 
Single  Sangle Sengle Patients 


Family tree, indicating the dissemination of hereditary spastic paraplegia through 
five generations of one family. 


Case 1—C. F., the father of the patients, is 43 years of age. He was well 

until 6 years of age, when he had trouble in walking. From the age of 6 to 11 
years this became much worse; at 11 its progression ceased, leaving him with 
the present condition. His birth and infantile development had been normal. He 
has had no mental disturbances but never went far in school. He has had no 
disturbances of the bladder. He is active, works hard as a finisher of steel plates 
and can walk from 2 to 4 miles without trouble. He feels but little handicapped 
by the disorder. 
’ Examination revealed spasticity of both legs, with hyperactive patellar reflexes 
and a bilateral Babinski sign. The gait was typically spastic. Recognition of 
position sense was slightly disturbed in the right big toe but not in the left. 
Vibration, touch, pain and temperature senses were normally appreciated. The 
upper extremities revealed no abnormalities in the motor and sensory sphere. 
Mentally, he was alert, giving no evidence of deterioration or aberration. 

CasE 2.—J. F., aged 14, a daughter of the first patient, was born at full term 
with normal delivery. She teethed and talked at normal ages. She walked at 
11 months and seemed to be normal except that she walked on her toes. At 
2 years of age it was noted that she walked “right up on her toes.” Since, she 
has had trouble with the legs. Walking has become steadily worse, especially in 
the past year. 

Neurologic examination revealed marked weakness and spasticity of the lower 
extremities with hyperextension of the feet and a scissors gait. The patellar 
reflexes were hyperactive, and there was a bilateral Babinski sign. Position, 
vibration, touch, pain and temperature senses were normal. The abdominal reflexes 
were absent. The biceps and triceps reflexes were active and equal. The arms 
had good power and revealed no evidence of incoordination, ataxia, dyssynergia or 
other abnormal conditions. The left leg was wasted below the knee, but there was 
no evidence of fibrillation. The cranial nerves were normal. Mentally, the patient 
was bright; she was in grade 9 in school and did excellent work. 

CasE 3.—B. F., aged 11, another daughter of the first patient, was born at 
full term, with normal delivery in six hours. Development was normal in all 
respects, walking, standing and talking being normal. She was well until 5 years 
of age, when the mother noticed that the legs seemed “drawn” when she walked. 
Since then she has had progressive difficulty in walking and growing stiffness 
of the legs. 
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Neurologic examination showed weakness and spasticity of both legs, more on 
the right side. When the patient was sitting or lying the legs were easily movable, 
but on walking they became spastic. The patellar and achilles tendon reflexes were 
hyperactive, the right being the greater. There was ankle clonus on the right but 
none on the left. There was a bilateral Babinski sign. The biceps and triceps 
reflexes were active and equal. The only remaining abdominal reflex was the 
right epigastric. Vibration, position, pain, touch and temperature senses were 
normal. There were no abnormalities in the arms or in the cranial nerves. There 
was marked lumbar kyphosis. 

Despite the spastic gait, the patient is able to walk, run, jump, and roller skate. 
The sister, on the other hand, is more greatly handicapped. She can walk but 
often requires help. In this case (case 3) the clinical picture resembles closely 
that of the father, while in case 2 the trouble is more pronounced. 

Comment.—No evidence of a sex-determining factor was found in this series of 
cases. The disease seems to have appeared first in a female and to have been 
propagated through both males and females. There were thirty-one members 
in the five generations; of these, seventeen were afflicted with the disorder—seven 
females and ten males. While in most of the afflicted members the disease was 
acquired by male propagation, cases were also produced by females in the few 
instances in which they had offspring. The disease must be looked on as a dominant 
characteristic which appears in each generation. From our cases it is not possible 
to say whether the progeny of the unafflicted members produce persons with the 
disease. 

In a general way, a study of the family tree seems to indicate that the disease 
appears more dominant with time. In the third generation, three of a family of 
eight children were afflicted, or roughly 37 per cent. In the fourth generation, 
five of a family of nine children, or 55 per cent, and two of a family of five 
children, or 40 per cent, were afflicted. In the fifth generation, two of a family 
of three children, or 66 per cent, the only child of a family, or 100 per cent, and 
both children of another family, or 100 per cent, suffered from the disease. It is 
evident, therefore, that the tendency to the occurrence of the malady is not 
diminished with the lapse of time, despite the fact that marriage seems to have 
taken place in each instance with a healthy mate. Furthermore, there is a definite 
tendency for the disease to appear at a younger age in succeeding generations. 
There was no intermarriage of members of the family so far as we could determine 


DISCUSSION 
Dr. W. B. CapwaLapER: A number of years ago I presented before this 
society two brothers with spastic crural paraplegia of the hereditary familial type. 
The social service department of the University Hospital had obtained evidence 
that other members of the same family in former generations also had the disease. 
Details of these cases are recorded in the transactions of this society. 


MyoTonra ATROPHICA: PRESENTATION OF THREE PATIENTS IN ONE FAMILY. 
Dr. JosEpH C. YASKIN. 

The reasons for presenting these cases of myotonia atrophica are: first, the 
rarity of the disease; second, its simultaneous presence in three members of one 
family (father and two sons), and third, the fact that individually the three patients 
present the various phases of the disease. This presentation is intended as a pre- 
liminary report. I hope to make intensive studies and to present them at a future 
date. 

CasE 1.—E. B., who was presented before this society on Nov. 23, 1923, by 
Dr. T. H. Weisenburg, is a cutlery grinder and is now 48. There is some con- 
sanguinity in his family. A paternal granduncle died of paralysis of some form 
A cousin committed suicide at the age of 28 because she had a disabling muscular 
disease. The maternal grandfather had a marked senile tremor. The history and 
the results of the examination made in November 1923 are as follows: 
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At the age of 17, the patient’s right hand became slightly stiff, and there was 
difficulty in opening it when closed. At the same time twitching movements 
developed in the muscles of the upper part of the right arm. Three years later the 
same condition occurred in the left arm. The progress of the disease was gradual. 
In the ten years prior to examination twitchings occurred in the shoulder, thighs 
and legs. Five years prior to examination the neck, tongue and jaws became 
slightly stiffened, and it was difficult to relax them. Speech became slightly diffi- 
cult. Three years previously there developed weakness in the legs and feet and 
a swaying motion of the body when the patient sat or stood erect. There was 
slight difficulty in swallowing food. Progress then became much more rapid, 
so that it was difficult for the patient to follow his occupation. The past medical 
history was unimportant. 

Examination revealed atrophy of the muscles of the face, neck, forearms, legs 
and feet. Fibrillary twitchings were observed throughout the entire body. There 
was a to and fro swaying of the body, usually from side to side, when the patient 
stood and sat. The strength of the hand grips was markedly decreased. The 
muscles of the forearms and hands became fatigued rapidly. The biceps and 
triceps reflexes were decreased, and the knee reflexes were greatly diminished. 
The left achilles tendon reflex was absent and the right was barely present. The 
abdominal, cremasteric and plantar responses were prompt. The muscles of the 
upper part of the arms and thighs were not powerful or well developed. There 
was no cataract. The teeth were in good condition, but the tonsils showed a 
chronic infection. Visceral examination gave negative results. 

The blood count showed 40 per cent lymphocytes. Dextrose tolerance showed a 
rather high and sustained curve. There was marked sensitiveness to epinephrine 
and pilocarpine but little reaction to atropine. The basal metabolism was minus 30. 
The serologic tests gave negative results. 

Since 1923, the condition has become progressively worse, so that at the present 
time the patient has difficulty in feeding himself and can barely get around without 
assistance. He has difficulty in chewing, especially solid food. He sweats pro- 
fusely but eats and sleeps well and has gained considerable weight. He has been 
completely impotent for five vears. 

On examination the patient appeared well nourished and mentally clear. The 
fundi showed no abnormalities, and there was no cataract. The pupils were slightly 
unequal and irregular and responded poorly both to light and in accommodation. 
There appeared to be narrowing of both palpebral fissures, but there was no actual 
paralysis of the depressor muscles of the upper lids. All extra-ocular movements 
were normal. There was hollowing of the temporal regions, and both the temporal 
and the masseter muscles were atrophied and weak. The lateral movements of 
the jaw, however, were normal. The facial muscles were definitely weak; while 
the patient could perform all movements, they were carried out feebly; he was 
unable to wrinkle the forehead, and the response on emotional innervation was 
inadequate. The skin of the face was shiny and closely adherent to the under- 
lying structures; there were no fibrillary tremors in the muscles either of mastica- 
tion or of expression. The soft palate moved normally; the tongue appeared 
smaller than normal and did not protrude as well as it should, but it showed no 
fibrillation. All the cranial nerves were normal. 

The sternocleidomastoid muscles were markedly atrophied, but were barely 
visible on lateral deviation of the head; no fibrillary tremors were present. The 
other muscles of the neck appeared normal. The abdominal and cremasteric 
reflexes were prompt and active. The deltoid muscles stood out prominently and 
were firm. Mechanical irritation elicited no myotonic reaction. The biceps, and 
especially the triceps muscles, were markedly atrophied and weak; no fibrillary 
tremors were noted, and there was no myotonic reaction on mechanical stimula- 
tion. The biceps and triceps reflexes were absent bilaterally. The muscles of 
both forearms were flat and atrophied. Pronation and especially supination were 
extremely poor. Flexion of the wrist was fair, but extension was nil, there 
being a bilateral wrist drop; there were no fibrillary tremors or myotonic reaction. 
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Both hands presented a characteristic appearance; there were a bilateral wrist 
drop and extension of all the fingers with ulnar adduction of the thumb. The 
patient was unable to make a fist, but had some ability to flex his fingers. Despite 
this helplessness, the thenar and hypothenar spaces showed no atrophy and no 
tremors. Mechanical irritation, however, caused a definite myotonic reaction. The 
hands were bluish and perspired readily. There were no sensory changes. 

The upper part of each thigh appeared thick and well developed. Beginning 
with the lower third there was a sudden hollowing out of all musculature. The 
legs and the feet were markedly thin, with the dry skin closely adherent over the 
underlying atrophied muscles; no tremors and no myotonic reaction were noted. 
The patient was able to carry out all movements of the hip, but with diminished 
force. The weakness was not marked, however, in extension of the leg on the 
thigh. When he did that against resistance of the hand, the vastus internus and 
externus muscles were particularly weak and flabby, while the rectus femoris 
muscle stood out rather prominently. There was practically no movement of the 
ankle, except slight ventral flexion and inversion. In contrast to this, the toes 
moved fairly well. The knee and achilles tendon reflexes were absent. In walk- 
ing, the patient “flopped” his feet and had particular difficulty in walking up and 
down stairs. There were no other significant changes. The testes appeared to 
be normal in size. 

Case 2.—H. B., aged 21, the elder of the two sons of the patient in case 1, is 
in the cutlery business. He was born at full term with normal delivery; he 
walked at 14 months, talked at about 2 years, entered school at 6, completed the 
first year in the high school at 16 and had worked in his father’s establishment 
since. At the age of about 7, he had a mastoid operation on the left side, followed 
by measles; a tonsillectomy was done shortly after. He had an injury to the right 
knee, followed by an operation, when he was 7% or 8. As a result of the injury 
he has shortening of the right leg, requiring the use of an orthopedic shoe. He 
takes one cup of coffee daily, rarely tea, no tobacco and no alcohol. 

The patient was in fair health until a few months ago when some difficulty 
was observed in using his hands. In grasping an object with both hands, instead 
of using the palms he used the two sides of the closed fists. The patient has 
noticed in the last month or so that when he closes the fists tight he has trouble 
in relaxing the fingers, especially the little and ring fingers. This is worse in the 
morning, in the evening, when he gets through work and on Sundays. It is some- 
what better when he starts to work, but even then the little and ring fingers 
tend to remain closed much of the time. There is no pain in the fingers. There 
is no trouble with any other part of the body. 

On examination, the patient weighed 143 pounds (64.9 Kg.); the pulse rate 
was 80, and the blood pressure, 130 systolic and 95 diastolic. He had a somewhat 
sallow complexion, with an almost yellowish forehead. He was well developed 
and nourished, had a little difficulty in hearing and walked with a limp because of 
the injury. The teeth appeared to be in excellent condition. The tonsils had been 
cleanly removed. The thyroid gland was slightly enlarged. The right leg was 
1 inch (2.5 cm.) shorter than the left. Neurologically, there appeared to be some 
drooping of both upper eye lids; on looking up, the upper lids covered part of 
the pupils. The pupils were slightly irregular and moderately dilated; they 
responded poorly to light and rather well in accommodation. The temporal and 
masseter muscles and the muscles of expression were poorly developed but showed 
no definite weakness. There was lagging of the left side of the face. Speech 
was somewhat monotonous. The musculature of the trunk and extremities was 
well developed. The bellies of the muscles were well developed and were perhaps 
overfirm for a man who did not do hard manual work. The biceps and triceps 
reflexes were not obtained. The knee and achilles tendon reflexes were preserved. 
The abdominal reflexes were intact. Power in all muscles was good. Myotonia 
was present on mechanical stimulation in the tongue and in the hands. When he 
closed the hands tight he had no trouble in opening them, but if he made a tight 
fist he was unable to open it. He first flexed and adducted the wrist, then relaxed 
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the thumb, then the index and middle fingers, and last the ring and little fingers. 
He stated that this was unaccompanied by pain. In testing the individual muscles, 
such as the interossei, the opponens and the superficial and deep flexors, no 
abnormalities were noted. Sensation was normal throughout. The only abnor- 
mality was that when he attempted to spread the fingers on a flat surface there was 
a tendency for the fingers to flex. 

CasE 3.—D. B., aged 14, was born at full term; he walked at 14 months and 
talked at 1% years. He had scarlet fever at 7, without complications. He has had 
no other serious illnesses, injuries or operations, except tonsillectomy at 20 months. 
The boy is making good progress in school. He had whooping cough in early 
childhood and an enlarged thymus at the age of 8 or 9, for which he received 
roentgen treatment. The brother and mother have observed in the past few months 
that he has difficulty in opening the hands and that the fingers spread out when 
he tries to open them. The symptoms are essentially the same as those of his 
brother. 

On examination the boy appeared to be exceptionally well developed and 
weighed 128 pounds (58.1 Kg.). The pulse and blood pressure were within 
normal limits. The tonsils had been cleanly enucleated. The teeth were in good 
condition. The heart, lungs and abdomen were grossly normal. 

Neurologically, he had a characteristic facies and somewhat drooping eyelids like 
the brother. The pupils were not as reactive as they might be in a boy of his 
age. The musculature everywhere stood out prominently. He had the same con- 
dition of the hands as the older brother, but to a milder extent. When force- 
fully closing the fist he could open it only with the addition of flexion and adduction 
of the wrist and with considerable hesitation. The testing of the individual muscles 
gave satisfactory results. Neurologic examination otherwise gave negative results. 

Comment.—The three patients present different phases of the disease. In the 
two sons it commenced at the ages of 14 and 17 years, and there is present only 
a myotonic disability involving the hands. The illness of the father began at the 
age of 17 and progressed so that the myotonia, still confined to the hands, is incon- 
spicuous when contrasted with the atrophy of the various groups of muscles. All 
three have a rather curious facies, with poor development of the masseter and 
facial muscles. None presents any evidence of cataract. 


DISCUSSION 
Dr. M. K. Meyers: About six years ago I presented before this society a case 
of myotonic dystrophy of the nonfamilial type in a man, aged 32, a Scandinavian. 
He had the wasting of the muscles of the neck common in these cases and some 
atrophy of the muscles of the forearm and other muscles, such as the quadriceps 
femoris, on each side. Dr. Spiller called my attention to the myo-edema of the 
tongue and other muscles when they had been struck with the percussion hammer. 


AN ELECTRICAL PROGNOSTIC SIGN IN BELL’s Patsy. Dr. A. M. ORNSTEEN. 

In the early stages of degeneration in peripheral paralyses, muscular hyper- 
excitability, slowness of contraction and inversion of the polar formula are recog- 
nized criteria of relative degrees of degeneration and serve as reliable prognostic 
aids. One cannot, however, predict recovery with associated movements between 
the upper and the lower branches by these signs. This most unpleasant complica- 
tion can be predicted by the demonstration of an unusually high degree of hyper- 
excitability in the levator labii superioris muscle. 

In the normal muscle, the motor point is found in a sharply circumscribed 
area on the malar bone, about 1 inch below the outer canthus of the eye. In the 
average degenerative state, the point of excitability becomes enlarged and more 
diffuse, and with increasing hyperexcitability the muscle can be contracted by 
stimulation along the zygoma in the region of the external canthus. However, 
when the muscle is made to contract by stimulation of the face above the zygomatic 
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arch and on the temple up to the level of, and even above, the eyebrow, the 
muscle is considered to be in an extreme state of hyperexcitability. In such 
ases I have invariably observed partial recovery from the facial paralysis, with 
associated movements between the upper and the lower divisions. This prediction 
has been possible as early as five months before the return of the slightest voluntary 
ontrol of movement of the corner of the mouth and of the power to contract the 
orbicularis palpebrarum muscle, at which time it is noticed that the corner of the 
mouth contracts simultaneously through associated movements. I am unable to 
tell whether this remote electrical excitomotor zone for the elevator of the upper 
lip is an indication of already established abnormal axon connections, the explana- 
tion offered by Dr. Spiller for associated movements in facial palsy, or merely an 
indication of the extreme degree of hyperexcitability with diffusion of the current 


through the tissues. 


Book Reviews 


Psychoanalysis Today: Its Scope and Function. Edited by Sandor Lorand. 
Price, $4.25. Pp. 364. New York: Covici-Friede, Inc., 1933. 

Those who like to ride in omnibuses will be delighted with this book. It is 
modern and up-to-date, and passengers from various stations of life may be accom- 
modated. On the whole, the editor, Sandor Lorand, may be congratulated. The 
index contains a galaxy of names, many of which have been long well known in 
psychoanalytic circles. The first article contains a graceful tribute to the genius 
of Freud by Sandor Ferenczi, which is perhaps one of the last articles which that 
gifted and much loved physician wrote. The rest of the volume is divided into 
four parts: (1) general theory, (2) mental hygiene in education, (3) nervous 
psychic ailments and (4) applied psychoanalysis in other fields. 

According to the editor, the book seeks to serve the purpose of elucidating 
psychoanalysis “‘not only to physicians but to educators and laymen in general.” 
This is a difficult task, and the manner which Dr. Lorand has employed, namely, 
that of compiling more than a score of separate articles from research workers 
on different topics, has both its advantages and disadvantages. One advantage 
lies in the appeal to different levels of intelligence, so that “he who runs may 
read.’ A few of the contributions, particularly those on mental hygiene and 
education, will appeal to laymen and educators. Others will be appreciated by 
psychiatrists who have some interest in psychoanalysis, while still others will 
have a special significance for practicing psychoanalysts only. 

As examples of clarity and simplicity of exposition and as having interest for 
those who have some knowledge of psychoanalysis but who desire further instruc- 
tion, the following articles are recommended: ‘Development of the Ego-Psychol- 
ogy,” by Franz Alexander; “Dream Mechanisms and Interpretations,” by Monroe 
A. Mever; “Hysterias and Phobias,” by A. Kardiner; “Obsessional Neuroses,” 
by Bertram D. Lewin; ‘“Manic-Depressive Psychoses,’ by Gregory Zilboorg, and 
“Psycho-therapy and Psycho-analysis,” by Henry Allen Bunker Jr. Perhaps Meyer’s 
article on dreams deserves the prize for simplification and clarity in handling a 
difficult subject. After reading it, even a lay reader will have gained some idea 
as to the significance of dreams without getting a thoroughly distorted idea of the 
subject. Alexander discusses the newer conceptions of the superego which have 
been advanced since Freud’s book “Inhibition, Symptom and Anxiety” was published. 
He emphasizes the unconscious, automatic, reflex quality of the superego and com- 
pares it to a conditioned reflex. His article is based largely on his book 
“Total Personality.” Kardiner and Lewin’s articles deal with the two commonest 
forms of the psychoneuroses, namely, hysteria and obsessional neurosis. They 
are excellent simple formal presentations. In addition, Kardiner gives good short 
presentations of a case of hysterical impotence and a case of phobia involving 
fear of heart failure and cancer of the throat. Bunker’s contribution on psycho- 
therapy, a historical survey of medical healing, is not only unusually judicious 
but also remarkable for the distinction of its style. 

On the whole, the articles that deal with children are disappointing. The cases 
presented are not of great interest, and most of the facts are of relatively ancient 
origin. The bibliography refers mostly to English or American sources or to 
German articles which have been translated into English. Broadwin mentions 
Aichhorn’s work ‘“Verwahrloste Jugend,” but unfortunately does not make any 
use of this work in his article. Probably the best work which has been done with 
children by psychoanalysts is to be found described in the Paddagogische Zeitschrift, 
and of this there is no mention. There is, however, one article in this group 
which stands out as a general exception to the others, namely, that of Melanie 
Klein, “Early Development of Conscience in the Child.” This is well written. 
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Unfortunately, however, Klein’s theories are still a matter of much controversy 
and have not, by any means, been accepted by other analysts. It is therefore to 
be deplored that this article has found a place among others the contents of 
which are well accepted by analysts. 

Many of the other articles in the book are well written and are of interest, but 
probably will not appeal to the average psychiatrist, much less to the layman. Of 
these, Nunberg’s article is a good example. The conclusions which he states are 
of great importance to the practicing psychoanalyst, but are couched in such 
scientific terms that probably few others will be able to understand them. Van 
Ophuijsen’s article, “Organic Psychoses,” is one of the best in the book, but here, 
again, it is doubtful if the contribution is not for the select few. Latorgue presents 
a special theory of schizophrenia; Glover, in “The Neurotic Character,” and Ernest 
Jones, in “Religion,” epitomize so much in a short space that these articles serve 
merely as starting points of interest. 

Among the best features of this book are the bibliographies after every chapter. 
As a rule, these are short and the titles well chosen. It is interesting to note that 
Melanie Klein does not cite a single work of Anna Freud. 

One article more, which seems a little foreign to the rest of the group and 
which does not deal with psychoanalysis or even with applied psychoanalysis, must 
be mentioned. This is Frankwood Williams’ article, “Development of Mental 
Hygiene.” It is one of the best contributions in the book and should be read by 
every psychiatrist who is interested in mental hygiene. Williams points out that 
mental hygiene is a “philanthropic and artificial movement.” What is termed 
mental hygiene is really “social psychiatry.” Real mental hygiene exists entirely 
outside the organized movements of today. 


1933 Year Book of Neurology and Psychiatry. Edited by Peter Bassoe 
and Franklin G. Ebaugh. Price, $2.25. Pp. 471. Chicago: The Year Book 
Publishers, 1934. 

The “1933 Year Book of Neurology and Psychiatry,” edited by Bassoe and 
Ebaugh, is up to the standard of previous editions, which is high praise indeed. 
It is difficult to see how any neurologist or psychiatrist can do without these 
volumes. 


The Sex Technique in Marriage. By Isabel Emslie Hutton, M.D. Price, $2. 
Pp. 151. New York: Emerson Books, Inc., 1932 


This is a good book for those with no sex experience. It is well and 
conservatively written. 
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